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Original Communications 

CHILE, KELLY, LANE 

Rudolph jMatas, New Orleaxs, La. 

T he birth of the year, 1943, was signalized by the disappearance in 
cpiiek succession of three stars of the firet magnitude from the finna- 
ment of surgery, — Crile, Kelly, Lane. 

GEORGE WASHIXGTOX CRILE 

"World I'enowned surgeon — ^scientist, investigator, inventor, author, and 
leader. Bom in Chili, Ohio, Nov. 11, 1864, and died at his own Cleve- 
land Clinic, Cleveland, Ohio, at the age of 78 years, on Jan. 7, 1943, of 
subacute bacterial endocarditis. 

HOWARD ATWOOD KELLY 

"World famed g}'necologist — the last of the four great masteis, "Welch, 
Osier, Halsted, who headed the Johns Hopkins faculty in 1889. In- 
ventor, author, naturalist, unrivaled artist in the surgery of women. 
Born in Camden, New Jersey, Feb, 20, 1858. Died at the Union 
^lemorial Hospital, Baltimore, Jan. 12, aged 84 years, of arteriosclerosis, 
especially involving the coronaries and the renals (uremia). His death 
pi'cceded by two hours that of his wife (Mi's. Letitia Bredow Kelly, 
whom he had married at Danzig in 1889), who lay in an adjoining room, 
in coma from seemingly the same cause. 

SIR WILLI.VM ARBUTIIXOT LAXE 

Famous surgeon of Guy's Hospital, London — and leader in hygienic 
and dietetic reform.s, advocate of open reduction of fractures and fixa- 
tion with metallic bone platc.s (Lane’s plates) ; first to direct attention 
to chronic intestinal stasis and Lane’s kink as a predisposing cause, 
advocating total colectomy and ileo.sigmoidostomy for the cure of this 
condition with exti-aordinary .surgical success; also devised Lane’s 
operati on for cleft palate ; and author of important technical innova- 

u.-cclvcil Tor imbllcatlon. I'cb. IT. 1913. 
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tions in various departments of surgery. Born at Port George, Inver- 
ness, Scotland, July 4, 1856. Died in London, Jan. 16, 1943, aged 
86 years. 

All three have left the imprint of their names in indelible characters 
on the pages of history and have a right to permanent seats in the 
medical hall of fame. 

All three were explorer's and pathfinders who expanded the domain 
of surgerv and cultivated new fields which are now yielding rich hanmsts 
for the benefit of humanitj*. All three were men of extraordinary 
energy, great originalit.v, and initiative, with inborn qualities for leader- 
ship and capacity for inaugurating and directing great enterprises. 

All three attained advanced maturity, despite the most strenuous lives 
of untiring labor, the friction of controversy, and the burden of great 
responsibilities. 

Besides these common characteristics, all three were masters of the 
technique in their respective fields, real virtuosos in their chosen special- 
ties. Although given practically the same opportunities for a scientific 
premedical education, and all tlu-ee had the same joy in handicraft, they 
differed greatly in their tastes, inclinations, and beliefs. Crile displayed 
his native aiid earlj'^ leaning towai'd the biologic, physical, and exact 
sciences. Kelly, while thoroughly px-eeise, methodical, exact, and well 
disciplined, displayed great aptitude for the natural sciences, with in- 
ventiveness in his special depai'tment, besides a penchant for history and 
medical illusti'ations, of which he was no doubt the greatest promoter 
and patron in the United States. Lane, although decidedlj' mechanistic 
in his tastes as in his work, possessed surgical superiority which rested 
on a solid and all-absorbing base of human and comparative anatomj^, 
which cari'ied him through to a successful termination of some of the 
boldest operations in surgery. 

In their answers to ultimate questions of creed and belief these men 
differed. Crile, an out-and-out materialist, was a physioebemic and 
mechanistic interpreter of the phenomena of life in their application to 
human and animal behavior. His views were shared by Lane, but not 
expressed in the same terms or from the same viewpoint — while both 
were completely opposed by the strictly fundamental evangelistic fervor 
and ultra episcopalian orthodoxy of Kelly. 

Although it is entirely too early to attempt any comprehensive sum- 
marj' of the activities of these remarkable men, much less to attempt any 
estimate of the ultimate residue that posterity may extract out of their 
life labors as definite contributions to science, we do know that they will 
always remain in history as poxverful spurs to urge the onward mai'ch of 
sur'^erv in the twentieth century. 

Without attempting even a bare outline of their careens, there are 
some salient points in the historj' of each of these great leadens tl.at 

compel attention. 
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Orile 

It lias been very trutlifiilly said that Crile did not waste one day in 
the 78 years of his life. He worked hard even at play until his heart 
failed, exhausted under the strain of a protracted endocardial infection. 
Not even when he became mrtually blind, nearly two years before the 
end, did his busy brain cease to evolve and project his very original 
and bold conceptions. 

Crile ’s scientific bent was demonstrated early in his career: B.S., 
Ohio Northern University, at 21 years of age; SI.D., AYestern Reserve 
(1887) ; postgraduate science coui-ses in London with Victor Horslej*, 
neurosurgery, neuro-anatomy (1895) ; and other scientific trips to Vienna 
(in 1893) ; and Paris (1897) ; lecturer and demonstrator of histologj' at 
Wooster Medical School, Cleveland (1889-90) ; professor of physiology 
(1890-1893) ; professor of surgery at Wooster and later Western Reserve 
(1893-1924); and director of scientific x-esearch, Cleveland Clinic (1924- 
1943). In all of these his passion for experimentation and insatiable 
curiosity to peer beyond the mere problems of the operating table led 
him to the authorship of a series of original monographs which dealt 
with the basic problems of respiration (1899), circulation and studies on 
surgical shock (1899), blood px’essure (1903), hemorrhage and trans- 
fusion (1907). This last, a revolutionary document, was signalized, in 
1905, by the first direct transfusion from man to man by sutui'ing the 
radial artery of the donor to a foi’earm vein in the recipient, all of which 
was made much simpler later, with the aid of connecting or anastomotic 
rings that he devised. His w'ork on transfusion gave the firet impulse to 
the clinical use of this method of revival in hemorrhage, anemia, and 
shock, which has become so universal in its modified forms. 

Then followed his shockless method of operating, which he named 
“anoci-association” (a [negative] plus nocere [noxious, haimful] == 
anoxious association) in accord with his theoiy of surgical shock, which 
excluded all pain and sensory impulses from the field of the operation by 
blocking the nerves of the region with novocain injections, and coinei- 
dently excluding psychic shock by a preliminary hypodermic of morphine 
and scopolamine, which made the patient calm and indifferent, and pre- 
pared for general anesthesia with nitrous oxide gas and oxygen. Under- 
lying all this was the principle of gentleness and delicate handling in the 
dissection of the tissues. The old dictum, snaviicr in mode, fortitcrin rc, 
had been preached long before him but not understood as by him, 
namely : that .shock was caused by exhaustion of the sen.sorium in the 
brain and vasomotor ccntei-s by the silent but con.stant clamor of the in- 
jured tissues in the field of the operation even after all pain had been 
.supprc.s.scd by a general anesthetic. 

The removal of the thyroid for goiter was one of the operations mo.st 
freiiuenth performed in his clinic, and this was done so deftly and 
silenth that matching Crile “steal a thyroid’’ became a decided induce- 
ment to \isit his clinic and to see him perform the operation. 
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Besides tliese notable mileposts in the mareh of progress, he devised 
a number of otlier original procedures of technical interest, such as 
special techniques for the extirpation of cancer of the lip and face, 
uterine suspension for prolapse, his inflatable rubber suit to prevent fall- 
ing blood pressure in shock ; the importance of adrenalin for the restora- 
tion of patients in shock and cardiocirculatory failure from any cause 
which were undoubtedl3’- helpful contributions, as numerous other de- 
vices which constantly attracted students and visitors to his clinics. 



Fie. 1 — Dr. George Washinston Crile. 


The great war came to interrupt his work in the operating room at 
Cleveland, but served to rouse further liis undying interest in tlie deeper 
problems of life and deatli in their biologic interpretation as these were 
so strikingly forced upon his attention by liis military experience. 

His scientific interests never lagged as he directed until the last the 
disposal and care of the magnificent collection of dissections of tlie 
energj'-controlling organs of 3,734 animals collected from almost every 
nmrtcr of the globe, for a systematic and comparative anatomic and 
phvsiologic study of the organs of “Crile ’s kinetic .system,” namely, the 
Lain the heart and blood vessels, the liver, the thyroid, and the adreno- 
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sjTiipathetic and celiac ganglia in the wild and domesticated animals. 
From the ^^-ild life of the jungle in Tanganyika, Southeast Africa, from 
the frozen shores of the Arctic in Hudson’s Bay, in quest of whales, wal- 
rus, and the great sea mammals, from the monkey-crowded forests of 
Panama and South America, from the coast of Georgia and Florida and 
many other sources, he assembled and allocated this magnificent and 
unique collection of the land and marine fauna of the world for perma- 
nent preservation in the museums of the American College of Surgeons, 
the Posenwald Sluseum in Chicago, and the Clinic Museum at Cleveland, 
where they constitute the greatest visible monument to his marvelous 
initiative, tireless industry, farseeing and penetrating vision. A com- 
plete catalogue with weight and size of each individual organ and data 
pertinent to the animal and purpose of the exhibit will be found as a 
supplement to Crile’s last work on Intelligence, Power and Personality^ 
The conclusions drawn from this vast and far-flung research are 
summed in a decalogue of biologic principles which are further com- 
pressed in the postulate that “Intelligence, power and personality are 
dependent on the absolute and relative size of the brain, the th;^T’oid, the 
heart and blood volume, the celiac ganglia and plexuses, and the adreno- 
.sympathetie system.’’ 

The size and weight of the energj^-generating and eonti’olling organs 
that constitute Crile's kinetic series vary individually with the functional 
demands made upon them by the animal’s life habits. 

The thyroid gland and the brain exhibit the peak of their dominance 
in civilized man. The brain and thyroid rise' together: the brain as the 
univci’sal executive, the thyroid as the universal controller and regulator 
of a constant adaptive oxidation (metabolism). The thyroid gland is 
relatively larger in man than in any other land animal. The thyroid is 
smaller and the suprarenals and; celiac ganglia larger in all predatorj' 
animals, the carnivorous beasts of prey (lions, tigers, leopards, cats, and 
birds of prey) in which great but intermittent outbursts of energy are 
required in the pursuit and kill of their quany, and in the pursued 
which depend upon speed and endurance for their escape (zebra, horse, 
gazelle, wild deer, etc.). More thyx-oid and smaller suprareixals are found 
itx man and animals in which the demands on the energy-pi'oducing and 
controlling organs are continuous and not subject to violent, kinetic 
flashes (e.g., the herbivora, elephant, hippopotamus, giraffe), and still 
Ic.ss in the cold blooded animals (alUgatoi’, snakes, and other reptiles, 
etc.). 

To his lahox-s in the experimental laboratorj- were added those of the 
clinic a.s an operating .surgeon in great demand, with a clientele di-awn 

(he is ci-cdifcd with tlie pcr-sonal performance 
of -:>,0 00 thyroidectomies) ; in the lilxrary as an e.xtraordinarily prolific 

•Ni w York, ion, McGraw-Hill Hook Company, Inc, 
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Besides these notable mileposts in the march of progress, he devised 
ca number of other original procedures of technical interest, such as 
special techniques for the extirpation of cancer of the lip and face, 
uterine suspension for prolapse, his inflatable rubber suit to prevent fall- 
ing blood pressure in shock ; the importance of adrenalin for the restora- 
tion of patients in shock and cardiocirculatory failure from any cause 
which were undoubtedlj’’ helpful contributions, as numerous other de- 
vices which constantly attracted students and visitors to his clinics. 



Fig:. 1.- — Dr. George 'Washington Crlle. 


The great war came to interrupt liis work in the operating room at 
Cleveland, but served to rouse further his undying interest in the deeper 
nroblems of life and death in their biologic intcipretation as these were 
so strikingly forced upon his attention by his military experience. 

His scientific interests never lagged as he directed until the last the 
(T osal and care of the magnificent collection of dissections of the 
ner"V-controUing organs of 3,734 animals collected from almost every 
I r tuo .rinhp for a svstcmatic and comparative anatomic and 
'SSlol udv onhe orgams of “Criles kinetic .system,” namely, the 
blood vessels, the liver, the thyroid, and the adreno- 
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“Struggle is a biological necessity and even war is preferable to pusil- 
lanimous peace.” {Itfec^ianistic View of Witr and Peace, 1915.) He 
never let up in the face of criticism and dovuipour of opposition but con- 
tinued to present liis papers before the best scientific societies (c.g., 
Philadelphia Philosophical Society) and continued to receive scores of 
medals and honorary degrees. “He was not even halted in 1920, when 
the Cleveland Clinic was gutted by fire which cost 125 lives—patients, 
doctors, nurses — many of Dr. Crile’s best friends among them — Avhen, 
about the same time, he lost in real estate most of the $2,000,000 fortune 
his surgery had built.” {Time, Jan. 18, 1943.) 

Crile’s prodigious capacity for gathering facts and experiences from 
every department of knowledge in support of his ingenious, bold, and 
always novel biophysical and heterodox but impressive ^•iews and inter- 
pretations of the phenomena of life can be accounted for only by his 
inexhaustible energy in the pursuit of his ob.iectives, his genius for gen- 
eralization, and the assimilation, organization, and utilization of every 
available observation or discoveiy that could contribute to the rapid and 
successful accomplishment of his task. Besides, and no less important, 
was his great ability to utilize the resources provided by the many ac- 
complished and brilliant collaborators in the physical, mathematical, 
and biochemical sciences — men and women, including his accomplished 
wife, whom he associated in his work — that can account for the 
enormous scientific, Ijiologic and literary output that he piled up as a 
supei'structure on top of a 24-bour day schedule of the most exacting 
and continuous professional, educational, and executive functions. 

In a recent commentary by a friendly critic, it is said that “there was 
sometiiing about Crile that recalls the scientific romanticism of the 
Renaissance, arrd it is as a great romanticist that he will go down in 
medical and surgical history.” It is evident, liowever, that the writer of 
this statement has not familiarized himself with Crile ’s works, and par- 
ticularly with his last book on InfrlUgcncc,, Power and Personality 
(1941), which is virtually an epilogue and syuop.sis of the half century 
of deep thinking and world gathering of fact that he devoted to arming 
the citadel in which his embattled scientific creed was entrenched; indeed, 
this extraordinary book may be regarded as his last scientific testament. 

No unprejudiced reader who has even aii elementary acquaintance 
with the language of science can fail to admire the logic, coherence, and 
lucidity with which he mai-shalls out his army ol facts in support of 
the ten biologic principles u])on which his cnncei)t of the physical basis 
of life is based. 

The romanticist is he who builds on the mere creations of his fancy and 
tlic figment-s of his imagination. He is not a romanticist who makes his 
romance in broad daylight — not in dreams, but upon visible, jialpahle 
realities — not in clouds, but on mountains of granite. 
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autlior (24 boolrs, witli over 400 joiimal articles) ; as a traveling lecturer, 
invited speaker in the countless medical societies that called for him all 
over the country, in response to the general urge to hear his alwa 3 's in- 
teresting, novel, and ingenious scientific theories, as Avell as for the 
practical value of his original surgical accomplishments. Moreover, he 
possessed the rare qualities of a successful organizer, director, and 
executive in enterpnses involving large financial, professional, and social 
responsihilities : The Cleveland Clinic (1924-1943); president of the 
American College of Surgeons (1916), member of the Board of Eegents 
(1913-1943), chairman of the Board (1917-1939), in all, 30 jmars’ semce 
as Kegent of the A. C. S. ; and other innumerable functions and public 
duties that are incompatible for the great majority of men submerged 
in laboratories and thought-consuming experimental researches. But 
still further and besides all this, there is the time and thought that he 
gave so prodigalty to the discussion of transcendental questions, espe- 
eialty on controversial and debatable subjects which challenged estab- 
lished scientific and rebgious orthodoxies and beliefs, examples of which 
are his books which folloAved in a stead 3 ’' stream after World War I, on 
The Orighi and Nature of the Emotions (1915), A Mechanistic View of 
War andPeace (1915), Man an. Adaptive Mechanism (1916), The Kinetic 
Dnve (1916), A Bipolar Theory of Living Processes (1926), The 
Phenomena of Life (1936), Intelligence, Power and Personality (1941), 
etc. In all these he held and stood foreefulB’- to the contention that 
everything in the phenomena of life can be identified in terms of ph 3 'sics. 
Crile propounded his radioelectric theoiy and maintained that living 
organisms are bipolar mechanisms, constructed and energized b 3 ' radiant 
and electric energ 3 ’^: “Mind is the product of electricity, generated 63 '^ 
matter,” Crile declared (and in this he anticipated the discovery of 
modern eleetro-eneephalograph3ri , contending that he had established 
direct experimental proof in his laboratoiy that “the brain of man and 
of animals emits short M'aves and infrared radiations.” 

“The human bod 3 ’ is a vast electric powerhouse, each cell having a 
complete solar S3'stem and complete life,” he said; “the brain alone con- 
sists of over four quadrillions of individual d 3 mamos, and a distribution 
svstem vastty greater in its complexity than all the lines of communica- 
tion now in existence on the earth’s surface.” “Plants,” he believed, 
“are generated by radiant and electi-ic energy from the sun; animals get 
their radiance and electric energ 3 ' from plants; in a living cell the acid 
nucleus is positively charged, the surrounding cytoplasm (cell substance) 
is negative, and the cell membrane is a condenser. In the bod 3 ' as a 
whok the' brain is a positive pole, the red blood cells negative.” 

Many of his opponents “were downright irritated” in 1930, when ho 

■Vthat he had produced “something approximating life” from chem- 

tube although he was careful to say:it was not life. Crile, 

; 7 int vield to criticism, for in keeping with his bclici, 

however, aiu noi 
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gynecolo"}' that it was no longer recognizable as the same specialty he 
had tansht at the beginning of bis career. As a pioneer in deA'ising new 
operations, new instruments, and neAA* textboohs for the study and ad- 
vancement of the diseases of women, bis reputation spread from his 
clinic at Baltimore throughout the Avorld as one of the greatest of ab- 
dominal surgeons, and his clinics A\'ere always croAvded AA’ith A'isiting 
colleagues from America and abroad, avIio came to admire the perfection 
of his technique and recognized him as facile jmneeps among his col- 
leagues. To see him do an abdominal subtotal hysterectomy for fibroids, 
a not infrequent operation in his clinic, by his own method of “side-to- 
side” or “left-to-right'’ removal of the uterus and adnexa, Avas a sight 
that made every surgeon proud of the perfection of his art. Method, 
system, dexterity, combined to give speed Avith security, AAdthout sacrifice 
of detail, impressed the observer as a disciplined act akin to a military 
drill, Avhich painlessly, bloodlessly, and silently accomplished its purpose 
dramatically and yet Avith a simplicity that A\-as most becoming in an 
artist so accomplished and secure in the knoAvledge of liis art as Kelly. 
“Txito, cito et jiicunde — complete, quick and safe,” is an ancient motto 
AS’hich Kelly in a modernized sense could have made most fitting as an 
inscription on the Avails of his operating theater. 

There are at least six distinctive features of Kelly s professional 
career tliat alone suffice to gK'e him a conspicuous place in the gA-ne- 
cologists' hall of fame ; (1) He, himself, by his virtuosity and perfection 
as a gynecologic surgeon set an example of competence and technical 
achievement that gave prestige and renoAATi to.u.^erican surgery and to 
gynecology* as a Avhole, over the Avoi-ld. (2) He Avns the founder of a 
school of gynecology that lifted the specialty from a secondary ])elvic 
plane to a high subdiaphragmatic abdominal leA'cl. (3) He Avas the 
academic or professional father of a gronj) of eminent men who haA-c 
contributed vastly to the progress of gAmccology by per]>etuating Ids 
cxjunplc and traditioAAs. Robb, RaassoU, Clark, CaaIIcu, Hunner, Sampson, 
Burnham, Elizabeth Hurdon, and •!. Withridge 'Williams are merely a 
fcAv names .suggestive of the great galaxy that Kelly tauglit and inspired. 
(4) He revolutionized the art of medical illustration by transplanting 
Max Broedel. the great medical artist, from Europe to America, and 
thereby establishing a school of medical art under his direction that re- 
mains unrivaled in the Avorhl through the sheer force of its artistic su- 
I)eriority. Tlioimh Broedel has pa.s.sed aAvay, the s])irit of the great mas- 
ter continues to live through the example of his numerous pupils. It 
Avas thiAumh the magnificent ilhistrations to Ivelly's great monograplis on 
the .surgery of the appeivilix, uterus, kidiwys, etc., Avhich he published 
AA'ith the assistance of his piq)ils rnllen, Burnham, and others, that the 
Broedel .‘School of Medical Art as-serted it.sclf with it.s artistic qualify to 
improve the csllnUic sense of imslical puhlishers as Avell as authors, with 
great profit to tlu- prestige ai\d v.nlue of Amm*iean medical publications. 
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Eegardless of what tlie reader maj’’ tliink of Crile’s theories and inter- 
pretations, lie must bow in i-esiiect and admiration for a genius capable 
of fortifiung his beliefs with such an arsenal of indestructible facts. 

Awards, titles, decorations, honorary degrees and fellowships in dis- 
tinguished American and foreign institutions and societies came to him 
in profusion, as a glanee at his biographic slcetch in lF7io',? ^Yl^o in 
America shows, attesting to the conspicuous recognition that the world 
of medicine and scienee ga^m to his eminence in both. 

Crile was elected a fellow of the International Society of Surgeiy in 
1905, during the presideney of Professor AV. AV. Iveen, the first American 
president of the soeiety, at the International Congress held in Brussels 
that year. Crile regarded the International Soeiety as the first and most 
representative international organi 2 ation of surgeons in the world, and 
yms one of the ablest contributors to its transactions. He often expressed 
his deep regret tliat the Nazi occupation of Belgium and AA^orld AVar II 
had interrupted the society’s activities, but rejoieed when he learned of 
the very pi-omising efforts (which have since been realized) to transfer 
the official biireau from Brussels to New York for the duration of the 
war, ivith every prospect of a complete rehabilitation of the orgaiiization 
in the AA^estern Hemisphere. 

Kelly 


Educated in Philadelphia, Kelly received his A.B. degree at the Uni- 
versity of Penns 3 dvania, 1877, and M.D. at the same institution, 1882. 
AAndle a resident plij-sician at the Episcopal Hospital at Philadelphia, 
he developed a gjuiecologie dispensaiy clinic. Oji completing his intern- 
ship, he established, in the mill section of tlie cit.v, a small tAvo-Avard hos- 
pital Avhich later became the Kensington Hospital, supported b.v volun- 
taiy contributions. There he found his Ancation as a gjnecologist aa'Iio 
had learned to trespass tlie boundaries of the pelvis Avith impunitj", to 
find himself at home in the caAotj^ of the abdomen (quite a bit of 
audacit}^ at that time) . In the meantime, he AA'as made associate professor 
of obstetrics (1888-1889) at his alma mater, under his chief. Professor 
Goodell. There, at Kensington, he performed abdominal operations so 


skillfull}’’ and successfully that other surgeons came from far aAA’ay to 
AA’atch him. After a year in Europe in 1886, he AA-as appointed chief of 


the department of g}'necology and ob.sletrics at Johns Hopkins Hospital. 
AAUth the opening of the Aledical School in 1893, obstetrics and 
o-jTiecology Avere separated, and Kelly retained the professorship of 
t^TiecologV, to the success of Avhich he concentrated all Jiis efforts. He 
continued in +he chair until 1919, Avlicn he resigned and became emeritus 
•professor and chief consulting surgeon in gynecology to the end. In 
Uoo he established a private .sanatorium next to his home in Baltimore, 
.vhil became the HoAvard A. Kelly Ilo.spital in 1913. 

Durin" the half centuiy that Kelly helped to sliape the deslnncs of 
his specialty in America, he .so enlarged and transformed the field of 
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Amon^ liis inimcrons contvibiitions to the practice of gynecology, none 
arc more important than his discovery of direct cystoscopy' for, the com- 
I)letc inspection and treatment of liladder pathology, besides the eatheter- 
i'/ation of the ureters, wliich it greatly simplified by using one of his 
graded illuminating urethral specula Avith the patient in the knee-chest 
(Sims) position. The same principle of direct illumination and air dis- 
tention by gravity was applied to proctoscopy and sigmoidoscopy, which 
is so indispensable in rectal practice. The Kelly rubber pad was also one 
of the many devices he invented for use at the bed.side and in the operat- 
ing room for the benefit of the patient, the doctor, and the nurse. 

A prolific writer, lecturer, .speaker, and lay pieachcr, he Avrote OA-er a 
score of books, including their several editions, besides over 600 articles 
on a great variety of subieets, AA'hich not only enriched the literature of 
the profession, but ornamented it by the unique and incomparable beauty 
of the illustrations that Broedcl added to them under Kelly’s direction. 

Another great undertaking AA-as his stereoclinie, Avhich appeared in 
1908 in over 84 sections. The stereoscope, intended to facilitate the 
understanding of surgical operations and technicivl procedures as they 
were reproduced photographically, gave a greater reality by the more 
solid projection of the imago. It AA'as a valuable but costly enierpri.se 
Avhich for the time served a very good educational purpo.se for indiA'idnal 
study, before the moving picture and lantern slides had come into gen- 
eral use. 

"With a polyvalent mind and a master key to all the modern languages, 
Kelly was a man of broad interests and multiple affinities, Avhich he dis- 
played to great advantage in his knowledge of medical history (American 
lledical Biographic.s, tAvo A'olumc.s, 1912; Diriionanj of Amcriani Medical 
Bioiiraphirs Avith Burrage, 1920, and again in 192S — books that haA-e be- 
come indispensable for reference in OA-ery library). 

A uatAAralist by hereditary tastes, he AA'as a botani.st and a zoologist 
AA'ith sjAecial knoAA'ledge and authority on the venomous snakes, AA'hich he 
AA'as able to handle AA'ith e.xtraordinai-y familiarity and seeming safety; 
beside.s this he Avas an anthropologist, as his large and varied bibli- 
ogi'aphy on these subjects attests. 

Ilis intellectual curiosity in many fields apart from his profe.ssion 
kept him in the iorefront of jAublic interest. Ilis religious conA'ictions 
liaA'e Iieen referred to, and are fully expressed in his hook, *1 ficic7itific 
Mini and IIk Ilililr ( 19201 . They aa ' ci'c lU'oclaimed and made cffcetiA'c 
in jirayer meetings and in his preaching and 1:ia sermons on morals and 
social evils. He Avas also an ardent prohibitionist and a strict sabbatar- 
iiin. In Iieliali ot these interests he s])oke and AA'i'otc frcqucntlA' and 
forcefully. 

The esteem and admiration in AA'hieh he Avas held by the iirofc.s.sion and 
tlie scientific Avorld are told by the long list of honoi-s. titles, decoration.s, 
tind honorai'A fA‘U<A\A'sbijAs that aeeuinubAted like an endless catalogAie in 
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(5) Kelly was one of the earliest pioneers in the use of radium for 
the cure of cancer and other neoplastic lesions in which Curie therapy 
is indicated. -In April, 1913, he presented his first paper on the clinical 
use of radium, and created a radium school for the teaching of its 
scientific applications in association with Burnham, one of his fomer 
assistants, as its chief executive. He and James Douglas, of New York, 
were instrumental in securing a large supply of the element from Colo- 
rado, whieli they divided between the General Memorial Hospital in 
New York and his hospital in Baltimore. He proved his faith in the 
curative value of radium by investing a large fortune in it, reported to 



Fig. 2. — Dr. Howard Atwood Kelly. 

be over a million dollai-s. (6) Electrosurgery: Lying between radium 
and surgery is the radio knife, with its desiccating, fulgurating, and cut- 
ting features and appliances. In his earlier applications of the radio- 
electric knife for the hemostatic and tliorough extirpation of malignant 
giovdhs, ho was so convinced of its superiority over the cold knife that 
he gave it all tlie l)enefit of liis support and experience, as is well shown 
in his treatise on electrosurgery, published in 1932, in association with 
Grant E. White. 
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forearm for fracture, and a total colectomy from cecum to sigmoid with 
a terminal ileosigmoidostomy, bj"- his method of anastomosis — ^for the re- 
lief of what is still known as “Lane’s disease.” Upon all these opera- 
tions he stamped the seal of his personality by the originality of his pro- 
cedures and the smoothness, ease, and perfection of technique that pro- 
claimed a real master, a master who dared where others quailed and who 
succeeded where others would have failed without his skill, his precision, 
and the confidence with which he planned and executed his operations. 

There is much resemblance between Murphy and Lane in their me- 
chanical inventiveness (the Murphy button and Lane plate) and in their 
common ambitions to open new and untrodden paths, but, apart from 
these common traits, these two remarkable men were, in almost ever.y 
other respect, very different personalities. Lane’s recent death recalls 
the great achievements which so justl 3 ' entitle him to fame. 

Lane’s earlj’^ contention and insistence that the surgeon should do as 
neat a job in repairing broken bones as the cabinetmaker in mending 
broken canes, rvas the starting point of his early pleading (Lancet, Lon- 
don, Maj’- 26, 1901) for more thorough and perfect adjustment of broken 
bones. With the dawn of asepsis and the advent of the x-rays, the open 
treatment of fractures became a possibility, which Lane soon converted 
into a realitj' — and even into an obligate routine — ^^vhenever the classic 
methods of closed reduction failed to bring the broken bones into perfect 
apposition. To accomplish this purpose, Lane invented the perforated 
steel plates which were screwed to the bones and allowed to remain per- 
manently imbedded. The simplicitj' of this procedure and the ease with 
which it generally accomplished its purpose, immediatelj- gave Lane’s 
plates a warm reception all over the world. Unfortunately, the opera- 
tion was attempted by too many who were incompetent or careless in 
their appreciation of Lane’s meticulous aseptic technique. Besides, the 
metal used in the manufacture of the screws and plates started an elec- 
trolytic disintegration of the bones in which they were imbedded, causing 
them to loosen and mobilize the plates, compelling their ultimate removal 
as foreign bodies. 

The story of Lane’s plates and their vicissitudes is too well kno^vn to 
justify rehearsal here, suffice it to say that, though it appeared for a 
while that Lane’s plates were destined to the same oblivion that ended 
the glory of the Murphy button, they have sundved despite all the criti- 
cisms to whicli they liave been subjected and are now sermng their pur- 
pose in many modified forms and waj’s, far bej'ond Lane’s most sanguine 
expectations. A better knowledge of their indications, and especially 
the introduction of the neutral metal vitallium® by Venables, of San 
Antonio, Texas, as an allo^’ which is pi'acticallj’’ inert in the tissues, now 
used as a substitute for Lane’s earlier steel plates, has not only reliabili- 


composed of cobalt, chromium, and molybdenum Its nbvsieoi 
and chemlGil properties and lt.s reactions when placed in llvinc tissues iniUrTte 

rnmtu??3.‘" employed tir Interna" nation ?n 
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various biographic publications and in the appreciations of his pupils 
and assistants,, but never more warmlj' and eloquently expressed than at 
the testimonial dinner given in Baltimore on Feb. 20, 1933, in celebration 
of his seventy-fifth birthday, for even those whom he had debated fiercely 
and at length came to honor him for his fairness and intellectual 
integrity. 

It can be truly said of him that head, heart, and hand ahvaj-s worked 
in unison for noble purposes throughout his long and useful life. 


Lane 

As previously stated. Sir William Arbuthnot Lane was born at Fort 
George, Inverness, Scotland, in 1856. He received his premedieal 
education in English private schools; his Bachelor of Medicine (M.B.) 
and Master of Surgerj^ (il.S.), London University, and the usual 
F.E.C.S.B.; created baronet, 1913; Comp. Bath, 1918; A.C.S. (Hon.), in 
1925, and Chevalier'of the Legion of Honor, etc. 

He had visited the United States frequently, and in October, 1925, 
came especially to deliver the annual Murphy Oration at the Clinical 
Congress of Surgeons held in Chicago that year. He was at that time 
close to his seventieth birthdaj’' and about to retire from active service at 
Guy’s Hospital, and at the great Ormond Street Hospital for Cliildren, 
where he had been the center of attraction for over three decades, es- 
peeiall.y to American medical tourists, ndio flocked to his clinic and re- 
garded no visit to London complete Mdthout paying him a call and seeing 
- him operate. These friendly relations made him sure of a cordial recep- 
tion whenever he came to the United States, especially on this mission to 
Chicago, where he was to reap the laurels of an international friendship 
which had been planted and cultivated for over three decades. 

An anatomist and surgeon by inclination and long culture, his au- 
thority had been recognized since early years, M’hen he published an 
excellent anatomical guide made particularly valuable because of its 
nraetical surgical viewpoint. These qualifications soon led to his ap- 
pointment as°ehief surgeon at Guy’s and at the great Ormond Street 
Hospital for Children, where he held sway as chief until the date of his 
•etirenient. His thorough anatomical and physiological foundation made 
him a bold yet safe operator, original and resourceful, and always im- 
•tiirhable in his calm, British self-possession. lie seemed to know no 
limit to Hie anatomic regions over which lie practiced his art. He was as 
much at home in dealing with the extremities as in the head, 

trunk 
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[/• in the joints and bones; in extirpating the colon, or doing a 
’ late - in lin’ating and excising the internal jugular vein to check 
in+'pctioii on it.s’ fatal way to the lungs. 


• nt fiiiv’s I .saw him do an unusually difTicult palato- 
In one ntorn.ng M _ 

open reduction and plating of both bones of the 


plasty for cleft palate in a 


malignant disea.se, an 



:MATAS: CHILE, KELLY, LAKE 


15 


pled men and Avomen all over the Avorld, now happily restored to inde- 
pendence and to nsefnlness by the skillful application of Lane’s prin- 
ciples as applied and interpreted with great originality and ingenuity 
in America, hy surgeons such as Smith Peterson, the pioneer, and his 
host of followers in the orthopedic and surgical ranlts. They have de- 
vised an effective method of visible alignment of the break (open section 
or x-ray) and a permanent fixation of the fragments hy pins or screws 
which remain indefinitely buried in the welded bones. 

Lane not only gave a ncAA' outlook to the treatment of fractui’es, but 
he created a A'ei’itahle renaissance in the mechanical therapy of skeletal 
traumatisms hy the impulse that his bold advocacy of open reduction and 
metallic fixation of fractures gave to the invention of innumerable ap- 
pliances for the open reduction of fractures thaf now fill the catalogues 
of the manufacturers of surgical instruments (Steinman pins, Kirsch- 
ner’s tongs and wire tractors, etc.) including the lastest type of hone 
coupling fixation hy hone penetrating, external and internal clamps, re- 
cently described by Stadter. 

One of the striking features of Lane’s hone instruments Avas the great 
length of their handles, Avhieh ]>ermit1ed all the Avork of reduction and 
hone plating to he done Avithout manipulation iiA the Avound itself. This 
practice, AA’hich he described as the “no-touch” technique, aimed at the 
avoidance of infections from leaks in punctured gloves or other sources. 
He had acquired great dexterity in Avorking outside of Avounds by con- 
stant performance Avith these tools, a dexterity Avhich he also reqirii'ed of 
his assistants. He Avas satisfied that this technique, AA’hich gave a special 
cast to his armamentarium, contributed no little to the aseptic results 
of his hone surgery. 

Lane is to he credited Avitli the fir.st publication, in 1889, of eases of 
septic lateral thrombosis folloAving middle ear and mastoid infection, suc- 
cessfully treated by the ligation of the internal .iugular vein to prevent 
metastatic infection of the lung. Previously, this procedure had been 
suggested and actually carried out in one instance by Victor Horsley, 
Avho performed the fir-st .iugular ligation for this cause in 1888, Lane 
folloAving immediately, in 1889. 

Cohefomy . — To those Avho, like the AATiter, have had the privilege of 
Avatching Lane do a total extirpation of the colon, his very small opera- 
tive mortality Avas not at all surprising. One could not see Lane perform 
this exacting and technique-testing operation Avithout feeling that he had 
seen something done as Avell as it could possil)ly be done. Lane’s pei-fec- 
tion as an abdominal technician in this special field Avas based largely on 
the folloAving distinct features; (1) Free incision, permitting adequate 
exposure of the abdominal contents, their imspection and palpation. (2; 
Speed Avitliout haste. Lane did not strike a casual obserA'cr as a rapid 
operator, yet the colon Avas removed in this instance, the terminal ileo- 
eolostomy performed, and the peritoneum closed Avell within an hour; 
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tated the Lane X)]ates, but has become one of the outstanding contribu- 
tions to tlie advance in bone surgery. Tlie most serious objection to the 
steel first utilized by Lane for this purpose Avas its electrolytic action 
upon the host tissues, as manifested by local areas of tissue necrosis Avith 
absorption of the bone about the screws and plates. The consequent 
loosening of the sercAvs impaired the stability of the internal fi.\ation and 
the devitalized tissues faA'ored bacterial infection. 



Fie. 3. — Sir AA’illiam Arbutlinot L.anc. 


These are the factors that have contributed most effcctiA'cly to reliabiii- 
die Lane plates and have given them a Avider and giwving field of 
t'on Perhaps no more striking illustriition of the divei'sified 
mVf Lane’s principles in tlie development of bone surgery could be 
, !a the magnificent trinniph achieved by surgery in solving the 

quotci . ,,i j-qI-ci hip’’ (fractured neck of the femur) wliieli for 

problem o , j {i,e best of surgery to make this rclielliotis frae- 

centnnes L-vavs. Here avo sec conlcmj.orar.v surgery’s 

l^'ostZniiant ^ redeeming ti.ousan.fs of l.elj.fess e,-,p- 
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The hinV and stasis predisposed to the elongation and prolapse of the 
bowel (enteroptosis), to rhenmatoid arthritis, to tuberculosis and to 
arteriosclerosis, to epilepsy, and above all to cancer. The difference be- 
tween chronic intestinal stasis and plain constipation was that in chronic 
intestinal stasis tlie stagnant pool of feces in the colon became definitely 
infected with pathogenic germs which brewed the toxins that were ab- 
sorbed and carried everywhere in the organism by the circulation. 

“Colectomy,” Lane said, “is only called for in the most advanced 
cases in which the intestinal toxemia has led to cachectic states, or to 
disabling complications,” such as rheumatoid arthritis, tuberculosis, or 
cancer (epilepsj’ as claimed by Reed of Cincinnati). “In suitable cases, 
colectomy affords residts which seem to be short of miraeiilous. ” In 
the early cases “the regular evacuation and lubrication of the bowel 
by the use of liquid paraffin (liquid vaseline and other mineral oils) have 
done more” he said, “to allemate suffering and prevent disease than 
any other known substance.” There is no question that it is Lane’s 
great influence that brought the mineral oils into general use for the re- 
lief of constipation, which use has become so univei'sal all over the world, 
just as the practice of drinking acidophilus milk systematically became 
a habit with thousands of bowel complainers who, accepting Metsch- 
nikoff’s teachings, drank sour milk acidulated by the acidophilus bacillus, 
particularly of Bulgarian breed, as an ally in ridding the intestines of 
the colon bacillus, the breeder of the toxins which gradually brought 
about arteriosclerosis and premature senibty. 

Chronic Intestinal Stasis . — It is to the credit of Lane that he gave us 
a new mew of the mechanical cause and effects of chronic intestinal stasis, 
and that, in doing this, he pointed to hitherto undesribed anatomic 
anomalies of the peritoneal cover of the bowels which led to a stretch- 
ing and dragging of the intestinal mass and suspended the mscera, con- 
stituting the familiar picture of enteroptosis, msceroptosis and its usual 
accompaniment, cardiovascular asthenia, etc., which, as a result of his 
graphic description of the protean picture, was identified as “Lane’s 
disease. ’ ’ 

Lane’s views on intestinal stasis were merely an offshoot of a very 
much larger concept of disease brough about by the effects of civiliza- 
tion on the food and nutrition of primitive man. He believed that the 
gradual change in the dietary of man as he evolved from the primitive 
state, by the artefacts of civilization, had also effected very radical 
changes in the functions of the gastrointestinal tract. The wild man in 
his native state is like the lower animals, free from constipation. His 
bowels move as often as the fecal residue aeeimiulates and reaches the 
terminal rectum. The intestinal tract of the civilized man is trained 
almost after birth to limit evacuations to certain restricted conditions. 
Civilization also brings about changes in the way of preparing foods, 
by cooking and otherwise, which deprive it of some of its mo'i-e mtai 
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but tJlis could not have been possible without making every act purpose- 
ful and in uninterrupted continuitj', and in entire absence of haste. 
(3) Lane made a real advance in intestinal surgeiy when he showed 
that the small gut could be joined to tlie large without risk, by an end- 
to-end anastomosis. He showed that this axial anastomosis possessed 
no special risks and had every advantage over an end to side ileoeolos- 
tomy, which had to be abandoned because it failed to obviate the objec- 
tionable and dangerous regurgitation of the fecal current into the blind 
end of the colon, causing its enormous distension and compelling a colos- 
tomy for its relief. (4) Another important feature of his technique was 
the insertion of a rectal Uibe through the anus to a point in the ileum 
well above the anastomosis for the purpose of preventing flatulent dis- 
tention above the line of the ileocolonic joint. Furthenuore, he was 
ahead of most of his British contemporaries in his efforts to prevent post- 
operative shock and dehydration by preceding the operation and contin- 
uing it under the steadj^ flow of a saline solution by li.vpodermoclj^sis ; a 
procedure Imovm in his clinic as the “axillary sup,” which we carried 
on in our clinics for the same purpose by the continued intravenous 
glucose-saline drip. 

There can be no question that Lane performed colectomies more fre- 
quently, more perfectly, and more successfully than any other surgeon 
in the world. The great frequency with which he performed this op- 
eration was largely accounted for by his profound belief in the dangers 
of colonic autointoxication from chronic intestinal stasis, sharing in tliis 


the well-known views of Metschnikoff, and of Pauchet in Paris, tlie latter 
perhaps, next to Lane, tlie most experienced and successful colectomist 
who as quoted by Lane, believed that intestinal stasis “was the cause of 
nearly all the pathology of cimlization.” Lane himself also said, “it is 
not an exaggeration to say that we suffer and die through the defects 
which arise in our sewerage and drainage system.” IMctschnikoff went 
much further by attributing senility to chronic intestinal toxemia 
trenerated by the colon bacillus, which attacked the arteries, causing 
.arteriosclerosis and premature old age. Lane was absolutely con- 
dneed that chronic intestinal stasis w.as the most predisposing cau.se of 
'ancer of the colon and even elsewhere, when stasis was aggravated by a 
T • nUQtaelc in the path of the fecal current, .such as a kink in the 
• 1 caused by adherent or acquired peritoneal hands, thereby causing 
°.'\V ‘and irritation at the point of the obstruction. It was here that 
Hnk” fimircd large as a permanent cause of colonic niorbid- 
was tlie'kink in the right colon that Lane .so insistently de- 
flnt"kcpt radiologists busy for many years, demonstrating it to 
scriOC ‘ fpj. i„any yoni-s fni)arol- 

surgeons wlio 
omfes to straighten it out. 
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their truth, and that even if they haA'e not been confirmed in all his 
conception of their importance, they have left a residue of A’alue to the 
future, as the result of their discussion and controversial agitation. 
With us, as surgeons, his memory will remain most conspicuous as that 
of a great practitioner of our art, a magnificent technician, and a path- 
finder Avhose name will remain honored as that of a man Avho made 
surgery better by his presence and his deeds. 

EPILOGUE 

In closing this brief sketch of the three great surgeons who haA'e just 
disappeared from the sphere of their Avorldly, activities, aa'c are im- 
pressed by the fact that all three AA-ere exemplars of great minds of un- 
usual grasp and understanding, but AA'ho, before the close of their careers 
gaA'e evidence of extreme vicAA^s in matters of personal belief that stood 
in sculptured contrast betAveen them : Crile, a great surgeon-scientist, a 
free thinker, clear minded in his materialistic philosophy and physical 
interpretation of the phenomena of mind. Kelly, the great surgeon-artist, 
a naturalist, a fundamentalist, uncompromising in his evangelistic ortho- 
doxy. Lane, a master surgeon, also a A'irtuoso in his art, of doubtful 
religious creed, but, strange to saj', ready to exchange all his great sur- 
gical accomplishments for leadership in a health crusade designed and 
organized for the prevention of the diseases (cancer, tuberculosis, sj'ph- 
ilis, and the great bacterial infections) AA'hich, if eliminated from the 
great catalogue of human afflictions, avouM leaA-e surgery bereft of her 
greatest achievements, but grander and more glorious in the bloodless, 
scarless, and altniistic accomplishment of her humanitarian mission. 
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elements, the vitamins, for instance, tJie importance of which we are onlj^ 
now beginning' to understand, and which we are trying to utilize as cor- 
rectives of our defective foods. Lane was so impressed with the view that 
cancer and the great hulk of diseases in civilization were due to errors 
in diet and improper feeding that he founded A New Health Society 
which was ‘oj'ganized essentialJ.v as a crusade tor the prevention of can- 
cer, a propJiyJactic aim rvhieh could only he made effective by complete 
revolution i 2 i the food and dietetic habits of the people. “We must 
eat such food as will obtain for us the same results that e.visted in primi- 
tive man; and 'we must discard such diet as is deprived of the important 
components of the natural foods. The public must be educated in the 
knowledge of food values and must be impressed by its extreme im- 
portance to health,”* 

In harmonj' with these views we see the famous discussion which agi- 
tated the medical and laj^ world in Ejigland and America in the con- 
troversy between the partisans of rvhole wheat flour as against the white 
flour in the making of bread, and the appeals that v^ere made even to 
legislatures for the complete substitution of the whole wheat bread for 
the usual white bi'ead which had been de23iA'ed of its most active nutri- 
tional elements, will be remembered as one of the greatest activities of 
this New Health Society. The advoeac.v of foods in the raw state, such 
as vegetables, fruits and cereals, in order to preserve their vitamins, and 
diminution in meats of all kinds, as favoriiig toxic putrefactive products, 
is also one of the striking features of the New Health campaign. Dis- 
cussions still linger as distant echoes, but have long ceased to create an.y 
acrimonious discussions or radical chaJiges in the national dietetic habits 
of the people in Britain or clseudiere. 

Lane was so enthusiastic in his concept of the dietetic origin of dis- 


ease and especially of caneert that he retired from his surgical practice 
in which he had attained great eminence, seemingly without regret, to 
assume the direction of tlie New Health crusade that ho hod founded 
and organized, and wliieh, if it had ultimately succeeded in its purpose, 
' would have deprived surgery of some of its most heroic chapters, in- 


cluding some of Lane’s greatest triumphs. 

7?i ConeJnaiou. — I may .say that Lane expanded the surgical horizon l)y 
directing the profc.ssion to new surgical possassiens and achievements 
tLane plates, improved colectomy lechniciuc, intestinal stasis and Lane’s 
kink Laj'ie ’s’ operation for cleft palate, and pioneering in jugular liga- 
f- ' to prevent pulmonary metastases from eaj- infections) many of 
•hieh we are cultivating with profit and the i)romisc of still greatei- 
i' fit Whatever may he the ultimate destiny of Lane’s later concepts 
lUarding dietetic erroi-s in pi-cdisiiosing to intestinal stasis, 
” ond other disoi'dcrs that aniict civilized man, we know that these 
theories’ were conceived in good faith and with j.rofound conviction of 

Wlill!im« X- Wilkin- r,.ine<n.v. 
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The orthodox orthopedic treatment of poliom 3 *elitis is brieflj" as fol- 
lows : 

1. The Acute Febrile Sfape.— During the first period the treatment 
is medical and no orthopedic measures, otlier than postural, are recom- 
mended. This stage lasts about one week and the meningeal sj-mptoms 
with rigiditj' of the neck and back are followed bj' the appearance of 
the paralj'sis. It is during this period that the damage to the central 
nervous sj’stem occurs and, in addition to the usual measui'es used in the 
treatment of an acute infectious disease, absolute bed rest is insisted 
upon and the patient is disturbed as little as possible. 

2. The Stage of Tenderness and Early Contractures . — The second 
stage begins when the temperature drops to normal (usuallj’- Avithin two 
or three days after the appearance of the paralysis). There is now very 
little danger of further damage to the central nervous sj^stem, but pain, 
hyperesthesia, muscle tenderness, and paral^-sis are present to a variable 
degree. The pain, tenderness, and hyperesthesia cause contractures of 
the nonparalj'zed muscles and this results in stretching of the paral.vzed 
muscles and the development of deformities. Lovett,^ Legg,® and manj’- 
others have emphasized the fact that these defoi’mities ma.v develop ver.y 
early in tlie disease. 

This stage lasts from two weelm to three montlis or more and the de- 
gree and extent of the pain, tenderness, and hyperesthesia vary in dif- 
ferent eases. The same is true of the paralysis and contractures. The 
treatment is symptomatic aird its inten.sitj' varies directlj' Avith the 
severitj' of the SA-mptoms. Best in bed is continued until the pain and 
tenderness subside and the patient is disturbed as little as possible, ex- 
cept for nursing eai-e. A firm flat bed Avith a board at the foot or a 
cradle to support the bedclothes is recommended. If the patient is not 
paralyzed by the disease and has no pain or tenderness, no special treat- 
ment is necessary and he is permitted to be up and about as soon as he 
has recovered from the acute illness. It j.s to be noted that manA- non- 
pai’alAUie cases occur during an epidemic. 

'Well-padded and fitted plaster molds or padded metal splints are 
used to immolsilize the affected extremities. It is to be noted that proper 
immobilization of an extremity not only preA-ents deformity and protects 
the paralyzed muscles from sti-etehing, but it relieves pain and hastens 
the disap])earanee of hyperesthesia, muscle teudeniess, and contractures, 
Peabody, Draper, and Dochez-* cite an instance of a child Avho ci'ied to 
have hcA’ splints replaced because they relieved her pain. 

When possible, the splints or easts are applied in the physiologie 
Iiosition— that is, Avith the hips and knees almost straight and the feet 
dorsiflcxed to a right angle. The arms arc moderately abducted, the 
elboAvs are moderately flexed, and the forearms are supinated. Plantar 
flexion of the feet, flexion of the hips and knees, scoliosis, and adduction 
of the arms arc the deformities Avhich are especially to be avoided. 
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D uring the jxiist two 3’ear.s iJie American lay pivns and iridio Jiave 
widely ixiihlieizod iJio Kenny melliod for the treatment of infantile 
pai-alysi.s and in the Jounud of Ihe American Medical Association it was 
slated that “Mi.ss Jvenny lias presented to tlie American medical profes- 
sion her unique and original method of treating the disease infantile 
paralysis.” It is further stated that Jliss Kennj-'s method is based on 
previously unrecognized symptoms of the disease, namely, muscle .spasm, 
mental alienation, and incoordination. The .spasm is said to be due to 
an inflammatoi'y process mthin ihe wvselc and with muscle incoordina- 
tion is the principal cause of disability, because paralj^sis, while unfor- 
Utnatelj’’ a featui'c of the disease, is, after all, a minor consideration in 
most cases of infantile pai'alysis. It is further stated that the Kenn.y 
method should be adopted and be made generally known to the physicians 
of America as quickly as possible (Pohl).^ 

In yiew of the above statements it seems advisable that a comparison 
be made between the Kenny and the orthodox treatment of infantile 
paralysis in order that we maj' have a clear undei-standing of the dif- 
ferences between the two methods and determine which is the better. 

The orthodox treatment of infantile paralysis is the result of the 
accumulated experience of many physicians who have studied the dis- 


ease and have noted earefullj’- its clinical manifestations and sequelae. 
While differing in minor details in different clinics, the treatment is 
fairly well standardized throughout the civilized world and it is not 
necessary for a victim of the disease to travel a long distance in order 
that he may receive adequate treatment. It is based on the knowledge 
that infantile paralj^sis is an acute infectious disease which invades the 
central nervous system and is especially prone to damage or destroy 
the anterior horn cells of the spinal cord and to cause temporary or per- 
manent paralysis of the muscles supplied by these cells. It is recognized 
tl t the disease is self -limited. The treatment has for its objects : the 
o- of life • the maintenance of a satisfactory state of general nutri- 
P ^'^^and comfort in the patient; the protection of paraL^zed muscles from 
• o- and fatigue; the preveixtion of deformities; the maintenance 
in the paralyzed limbs; the training of partially paralyzed 
muSes- the restoration of function to the paralyzed parts; and the re- 
habilitation of the patient. 


Received for publication. 
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The orthodox orthopedic treatment of poliomyelitis is briefly as fol- 
lows : 

1. The Acute Febrile Stage . — During the first period the treatment 
is medical and no orthopedic measures, other than postural, are recom- 
mended. This stage lasts about one Aveek and the meningeal s^miptoms 
with rigidity of the neck and hack are followed by the appearance of 
the paralysis. It is during this period that the damage to the central 
nervous system occurs and, in addition to the usual measures used in the 
treatment of an acute infectious disease, absolute bed rest is insisted 
upon and the patient is disturbed as little as possible. 

2. The Stage of Tenderness and Early Contractures. — The second 
.stage begins Avhen the temperature drops to normal (usually Avithin tAvo 
or three days after the appearance of the paralysis). There is noAV very 
little danger of further damage to the central nervous system, but pain, 
hyperesthesia, muscle tenderness, and paralysis are present to a Amriable 
degree. Tlie pain, tenderness, and hyperestliesia cause contractures of 
the nonparalj’’zed muscles and this I’csults in stretching of the paralyzed 
muscles and the development of deformities. Lovett,- Legg,^ and many 
other's have emphasized the fact that these deformities may develop very 
early in the disease. 

This stage lasts from two weeks to three months or more and tire de- 
gree and extent of the pain, tenderness, and hyperesthesia vary in dif- 
ferent eases. The same is true of the paralysis and contractures. The 
treatment is symptomatic and its mtensity varies directlj' Avith the 
seA'erity of the symptoms. Rest in bed is eontiiuAed until the pain and 
tenderness subside and the patient is disturbed as little as possible, ex- 
cept for nursing care. A firm flat bed AA'ith a board at the foot or a 
cradle to support the bedclothes is recommended. If the patient is not 
paralyzed by the disease and has no pain or tenderness, no special treat- 
ment is necessary and he is permitted to be up and about as soon as he 
has recovered from the acute illness. It is to be noted that many non- 
paralytic cases occur during an epidemic, 

IVell-padded and fitted plaster molds or padded metal splints are 
used to immobilize the affected extremities. It is to be noted that proper 
immobilization of an extremity not oaaIv prevents deformity and protects 
the paralyzed muscles from stretching, but it relieves pain and hastens 
the disappearance of hyperesthesia, muscle tendemess, and contractures. 
Peabody, Draper, and Dochez'* cite an instance of a child Avho cried to 
have her splints replaced becaAise they relieved her pain. 

When possible, the splints or casts arc ajiplied in the physiologic 
positum— that is, with the hips and Imecs almost straight and' the feet 
dorsiflcxcd to a right angle. The arms are moderately abducted, the 
e!how.s arc moderately flexed, and the forearms are supinated. Plantar 
flexion of the feet, flexion of the hips and Imees, scoliosis, and adduction 
of tlic arms are the deformities Avhicli are especially to be aA'oided, 
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II tlio, cleloi'initics arc i)i'esenl wlicn tlic child is first seen it maj' he 
necessary to immobilize Ihc limb in a position of deformity and it can 
he straightened {jradnally or, in rare instances, the limb can he 
straifihtcned under general anesthesia and immobilized in splints or casts 
in a satisfactory position. 

It is to he noted that the casts or splints do not interfere ■with the 
circulation in the paralyzed limb, nor are they left in place constantly. 
In order to avoid shortening of muscles and stiffness of the .ioints the 
splints or casts arc removed twice during the day and the major joints of 
the extremity are moved passively, not actively, through as great an arc 
as is tolerated by the patient. Each joint is moved once or twice and 
the movement is stopped at the point of pain. 

The casts or splints arc not used on all extremities or on all cases. 
They arc applied only when needed for comfort and to prevent contrac- 
tures and protect paralyzed muscles. Many cases need no immobiliza- 
tion and in others immobilization can be accomplished sufficiently with 
sandbags, pillows, or a hoard or box at the foot of the bed. 

As additional measures for the relief of pain and tenderness, Lovett® 
advises warm salt baths and Legg® and Peabody, Draper, and Docliez^ 
recommend hot packs or dry heat. 

brassage and muscle training are not permitted until the tenderness 
and pain have disappeared, because it has been found that these measures 
tend to aggravate and prolong the pain and tenderness. 

3. The Convalescent Stage . — When the pain and tenderness have sub- 
sided it is time to take stock of the patient’s musculature and determine 
what damage has occurred. Consequent!}', a muscle examination is per- 
formed and not only the ability to conti-act, but also the relative strength 
of the various muscles or groups of muscles is noted and recorded. 

At this stage we have a patient with no deformities, but with a vari- 
able amount of stiffness and paralysis. If all of the cases which occur 
during an epidemic are included in a series it will be found that the ma- 
jority of them have no residual paralysis or stiffness after the pain and 
tenderness have disappeared. These patients need no special treatment, 
but they may be permitted gradually to resume their normal activities. 
They should be examined at monthly intervals for the next six months, 
because occasionally weakness or partial paralysis of certain muscles 
may have been missed at the first examination and this may be evident 
later when the patient has spontaneously recovered the use and power 
Jf his normal muscles. I have seen no evidence that sucli patients ever 
f il to regain the use of muscles which have a normal nerve supply. 
A^'d they '"do this without any special training or muscle re-education, 
just as infants Icam to walk and young birds learn to fly when they are 

• able of these patients there is a variable amount of flaccid 

,ra\ysis of the voluntary muscles. In some muscles tlie paralysis is 
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complete and permanent because all of the motor nerve cells "which sup- 
ply the muscles have been killed and such cells do not regenerate, nor 
is there any evidence that new neuronal connections are formed. In 
other muscles the paralysis is teraporaiy because not enough of their 
motor cells have been killed to interfere seriously ivith the nerve supply 
of the muscles. They were damaged bj- the disease and have ceased to 
function, but the cells will recover and again transmit motor impulses 
to the muscles. AYhen this occurs the muscles wiU re.sume their function 
and return to a normal condition and no special treatment is necessary 
to bring this about. 

There is a third group of muscles which are paralyzed; part of the 
motor cells to these muscles are killed and part of them are damaged and 
thrown out of function by the disease, but they will recover and again 
send motor impulses to the muscles. However, since some of the motor 
cells are killed the muscle will not receh'e the normal number of motor 
impulses and will not regain its normal power. Some of these muscles 
will return almost to normal and others will never regain sufficient power 
to perform any useful function. It is this third group of paralyzed 
muscles which we believe can be helped by physical therapy. The fii-st 
group is bej’ond help and the second group needs no help. The third 
group needs protection from stretching and fatigue and graded exercises 
to develop the maximum power in the fibei-s which are still supplied with 
motor impulses. 

In addition to the flaccid paralysis of the affected muscles there is a 
variable amount of contracture of the normal muscles. This contracture 
is the result of the pain and tenderness and is similar to the contractures 
which occur in many conditions of the extremities where movement is 
accompanied by pain. These contractures may occur verj* early in 
poliomyelitis. They are minimized by proper splinting of the limbs and 
by the daily movement of the limbs when the splints are removed for 
this purpose. The contractures are corrected by gradual stretching and 
when they have been corrected they do not tend to recur, unless muscle 
imbalance is present. In this respect the contracted muscles differ from 
spastic muscles. 

In the beginning of the convalescent stage it is not possible to de- 
termine which of the paralyzed muscles will fall into each of the tiiree 
groups mentioned above ; consequently, all of the paralyzed muscles are 
treated by physical therapy. The extremity is first warmed and mas- 
saged gently and the shortened muscles are stretched. Then the physical 
therapist demonstrates the movement by passively momng the limb 
through tlie de.sired range and has the patient by concentration endeavor 
to carry out the movement by active contraction of the weakened muscles. 
Depending upon the power present in the involved muscles, the movement 
IS carried out with assistance, with gravity eliminated, against gravity, 
and against resistance. As a rule, no effort is made to teach the pa- 
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ticnt the nnmes and the origin and insertion of the involved muscles, 
l)ul ]io is taught to perform definite movements. This is because the 
pattern in liie l)rain is ])olieved to be one of movement rather than an 
au-arene.ss of the muscles vliich perform this movement. 

In tile beginning the jiatient may have some difficulty in carrying out 
sjiceifie movements, even ivJien sufficient muscle power is present. This 
is not an incoordination, but is the natural result of the prolonged lack 
of use during the stage of tendei-nass and contracture. If the nerve 
supply to the muscles is intact the patient soon learns to use them nor- 
mally, just as a patient soon learns to Avalk after a prolonged illness. If 
the muscle is weakened by the loss of part of its nerve supply the prob- 
lem is more difficult and it may require eonsidcraljlc time and patience 
on the part of the thcraiust before the patient learns to use the weakened 
muscles effective]3^ In such instances the patient may contract all of 
tlie muscles in the extremitj' in an effort to perform a given movement 
and the extremity is moved in tlie direction opposite to that desired be- 
cause the strong muscles overcome the weak ones. The therapist over- 
comes this tendency by passive movement, assisted movement, and bj' 
having the patient perform the exercise with the opposite extremity at 
the same time. He thus learns to relax the opposing strong muscles while 
contracting the weak ones. Patients are also taught to set the given 
muscles; that is, to contract them without moving the extremity. 

Muscle examinaions ai'e performed at intervals in order to note and 
record the improvement in the paralyzed muscles. The power of the 
muscles is graded and when anj’’ group approaches normal its treatment 
is discontinued, and emphasis is placed on developing po^^'er in the 
muscles which are partially or completely paralj’-zed. Detailed direc- 
tions for muscle training are given in many textbooks. 


The period of convalescence lasts from a few months to two j^ears, or 
even longer. It is ended when the paralyzed muscles have returned to 
a normal condition or when repeated muscle examination fails to reveal 


improvement in muscles which have been protected from fatigue and 
stretching and have been adequately trained. The greatest improvement 
occurs during the first six months and much of this improvement is spon- 
taneous and 'is not due to the treatment. During this period contrac- 
tures which may have been present have been corrected by gradual 
tretehing and the patient has been kept in bed until the physician in 
ae has 'decided that walldng or sitting will not injure the weakened 
muscles— usually abovit six months for a patient witli considerable in- 
T ei t in the lower exti’eniities. 

Yolvem 1 convalescent period only when they are needed 

c uaralyzed muscles from stretching and to prevent the de- 
to protec gontractures and deformities and to enable the patient to 
^ clop 


use his limbs moie e ^ bemns when improvement in the paralyzed 
The Chrome b the patient’s life. The patient 

muscles ceases and lasts toi m 
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may no\Y be normal or he may be paralyzed to a variable degree. If the 
orthodox treatment has been properly carried out most deformities will 
have been prevented and contractures and stiffness will not be present. 
In my experience splinting and posture have failed to prevent the de- 
velopment of shortening, scoliosis, calcaneus and hip flexion unth lordosis 
where there is marked muscle imbalance. Likewise, in a very rare ease 
muscle contractures and stiffness may persist for a long time in spite of 
treatment. 

In the chronic stage braces are used to enable partially paralyzed 
limbs to function more efficiently and to prevent the progressive de- 
velopment of deformities where marked muscle imbalance is present. 
Also, by surgery we are able to correct many deformities which have 
developed in spite of treatment or because of lack of treatment and have 
resisted nonoperative attempts at coiTection. Likewise, by surgery we 
are able to improve the function by transplantation of muscles and by 
stabilization of joints and equalization of length in legs. 

There are three hnportant variations from the standard orthodox 
treatment. The first makes extensive use of exercises under water. 
This method eliminates the effect of gravity and promotes the exercise 
of very weak muscles. It is best exemplified by the underwater g 3 ’mna- 
sium of Lowman and the work at "Warm Springs, Ga. 

The second variation emphasizes prolonged splinting and protection 
of the paralyzed muscles from stretching, and careful muscle training. 
It is best exemplified bj' the work of the Kendalls in Baltimore. 

The third is an economical method and recognizes the fact that muscles 
will not become hopelessly atropliied or contracted, nor Avill joints be- 
come permanentlj’ stiffened hy constant immobilization in a plaster cast 
over a period of a few weelis. The affected limbs are immobilized in a 
neutral or ph 5 '^siologic position until the pain and tenderness have dis- 
appeared. Then all splinting is removed and tlie child is permitted to 
use his muscles freely in bed and is put in a tub of warm water once or 
twice a day and encouraged to exercise his limbs ra the water. At the end 
of a few weeks a muscle examination is done and stock is taken of the case 
and the indicated physical therapy is prescribed. This is best carried out 
by a trained physical tlierapi.st, but if this is not possilile the parents are 
instructed how to exercise the weak muscles. Splints or braces are fitted 
if they arc needed to protect paralj'zed muscles and to prevent deform- 
ities. The patient is then encouraged to resume his normal existence. 
Surgery is used when indicated in the chronic stage. 

T/ic Kcniiij Method . — This method is the one being promoted by Miss 
Elizabeth Kenny, an Australian nui-se who came to this country in 1940 
for the express purpose of teaching the method to American physicians 
and physical therapists. Apparently she became interested in the dis- 
ease about twenty years ago. because it is stated that in 1933 she claimed 
that she had been treating paralj-zed patients for ten j-cars and had 
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Ircaled thirty patients, curing all of them. At tliat time the treatment 
was quite unortliodox and is said to liave consisted of violent movements. 
Facilities for a trial of the method were provided for the treatment of 
patients suffering from poliomyelitis and .spastic paralysis. Forty- 
seven patients were treated over a period of two years and these cases 
were reviewed by a commission appointed for the purpose. This report 
stated that “Originally the Kenny method showed radical departure 
from orthodox treatment, but in the course of time the former has gradu- 
ally been brought into conformity with the usual medical practice.” 
Tlie important difference is that in the Kenny method all splinting is 
abandoned. This commission did not recommend the Kenny method.” 

However, IMiss Kenny has convineed other Australian physicians and 
laymen of the value of her method and her book illustrates hospitals 
and clinics in Australia wlicre the Kenny method is practiced (Kenny”). 
My knowledge of the Kenny method is based upon study of her work, 
of articles (Pohl,^ Haly and eo-workers,' Cole and Knapp”), and of the 
booklet by Cole, Pohl and Knapp,® as well as upon a two-day demonstra- 
tion b.v Miss Kenny in Minneapolis, and visits to Little Koek and Chi- 
cago where it was possible to examine manj-^ patients of the 1942 epi- 
demics in Arkansas and Illinois who had been treated by the Kenny 
method. 

The method is as follows : Treatment is started as soon as the diag- 
nosis of infantile paralysis is made. The patient is pi;t to bed on a flat 
mattress in as nearl 3 ^ the normal standing position as possible. A boai-d 
is placed at the foot of the bed to support the bed clothes and to main- 
tain the normal standing reflexes. It maj-^ be necessaiy to modifj’’ the 
position in order to relax spastic muscles. 

As soon as spasm is diagnosed hot fomentations, prepared bj"^ remov- 
ing woolen cloths from boiling water and passing them twice through 
a wringer, are applied to the spastic muscles. The packs are usually 
applied eveiy two hours, but maj"^ be applied as often as eveiy fifteen 
minutes and they are continued for twelve hours of each da3^ Tlic 
alternate heating and cooling tends to overcome tiie spasm. 

Passive motion through tlie range that can be obtained without pain 
is carried out at least once a daj% but care is taken not to aggravate 
spasm by too frequent examination, and muscle testing is not permitted. 

Muscle re-education is started as soon as joints can be moved passively 
through a small range without pain or incoordination. At first this 
lai-o-ely of maintaining or developing a “mental awareness” of 
cles^and their insertions. The technician instincts the jiatient 
the mi s ^ moved by stroking the skin over the insertion 

conceinmo pe trained. With the patient concentrating on 

of the muse ® motion is carried out twice passively and tlien 

this point ^ tructed to perform that motion actively. Later active 
the patient is ins control and guidance of the technician, 

motions are instituieu 
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Care is taken that only the miiscle which is being trained contracts and 
if any other muscles come into play the movement is stopped because 
this contraction of other muscles is considered incoordination. The 
number and range of movements are increased gradually, but care is 
taken not to tire the muscle. If there is no trace of motion in spite of 
absence of spasm, the proprioceptive reflexes are stimulated by placing 
the muscle slightly on the stretch and then stimulating the muscle 
through the tendon by moving the joint backward and forward. 

The above is condensed from the booklet.® The description is brief, 
but I believe that it includes all that need be said about the Kenny 
method. Neither in the booklet® nor in Miss Kenny’s book® is any state- 
ment made as to how long the hot fomentations are to be continued, nor 
are any rules laid down as to when muscle re-education is to be stopped. 
Apparently, hot fomentations are continued until all muscle spasm is 
abolished (at least six months in some patieirts) and the muscle re- 
education is continued indefinitely in the ease of alienated or paralyzed 
muscles and for a considerable period after the patients have returned 
to nomal in the nonparalytic eases. So much of Miss Kenny’s book is 
occupied in disparagement of the orthodox treatment and the citing of 
unusual, neglected, or improperly treated cases to prove that “orthodox 
practices are wrong from foundatioii to finish, both in theory and pi-ae- 
tice” (Kenny®, p. 243) and in x-eiterating that the Kenny method is 
right, that there is little room for a detailed description of the Kenny 
method. 

It is now in order to consider Miss Kenny’s contribution to the sjmxp- 
tomatology of the acute stage of the disease. It is claimed that she had 
discovered the three cardinal s^miptoms which have never been I’ceog- 
nized before and consequently have not been treated by orthodox phy- 
sicians. These are spasm, incoordination, and mental alienation. 

Jluscle spasm is the condition which wc call rigidity and nxuscle con- 
tracture. I px-efer the continuation of the terms rigidity and contrac- 
tures, because in describing paralysis we reserve the word spastic for 
upper motor neurone lesions. In this sense spasm does not occur in 
poliomyelitis, except in very rare instances where the disease damages 
the upper xnotor neurones. 

Incoordination includes the conditions which we desciibe as muscle 
svihstitution and mass movements. In medical literature incoordination 
is a condition in which the patient is unable to synehromze and co- 
ordinate his normal muscles to perform complicated movements. Tliis 
condition is ixot present iix poliomyelitis. 

Mental alienation includes temporary paralysis fx-oin disuse, tempo- 
rary paralysis from in.jury to, but not death of, motor neiwe cells, and 
partial paralysis. In medical literature alienation means insanity or 
mexxtal dcraixgemexxt. 
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T]ic tci'ins spasm, incoordination, and mental alienation are not used 
hy Tis in ret erring to sj’mptoms present in poliomyelitis, but the con- 
ditions to whieli they refer liavo been recognized and treated b3’ phy- 
sicians and physical theraj)ists for many j’cai'S. It is thus evident that 
iiliss Konn3'' lias jiot diseovci'cd three new cardinal s.vniptoms of the dis- 
ease, but she has merely used new terms to desci-ibe well-known con- 
ditions. 

TJic Jvenin’ treatment differs from the orthodox treatment as follows: 

In Theory . — The iCenn.v treatment is based on the belief that the 
principal lesion of the disease is muscle spa.sm eaused b.v an acute in- 
flammation in the muscles. There is no evidence that the mrus attacks 
the muscles or that the3’' are inflamed. We believe that the earl3^ con- 
tractures ai‘0 caused by pain, tenderness, and hyperesthesia and that 
these s3'mptoms are due to lesions affecting the sensoiy nerve cells and 
fibers. Lesions in the spinal ganglia and inflaniniation in the meninges 
have been demonstrated. We recognize the lesions in the anterior horn 
cells as the chief cause of tcmporaiw and permanent flaccid pai’aL'sis 
and consider this the important feature of the disease and not a minor 
consideration. 


In Practice . — 


1 . The Kenn3' method begins treatment •wnth hot packs as soon as the 
diagnosis is made. We believe that these patients need absolute rest 
and quiet during the febrile stage and that meddlesome therapeutics 
may be harmful. This stage lasts onl3" a few da3's. 

2 . The Kenny method precludes the use of a respirator. We believe 
that it has saved lives. 

3 . In the Kenn3' method spasm is treated b3' veiy hot packs applied 
continuous^' for twelve houre a da3’' and b3' dail3' passive movements. 
We treat contractures, pain, and tenderness b3' immobilization in casts 
or splints and use wet or dr3' heat when indicated. Dail3' passive move- 
ments relieve stiffness and the splints prevent most contractures. The 


very hot packs ma3' cause furuncles and burns. 

4 . The Kenn3' method begins active muscle re-education before the 
pain and tenderness have subsided. We wait until this stage is over. 
Over twent3' years ago I was in Boston wheji Peiss'“ attempted to dem- 
onstrate the value of eai’L' active movement in poliomyelitis. It was the 
"nion of Lovett and of others who examined these patients at the Chil- 
dren’s Hospital that this treatment had aggravated and prolonged the 


pain and tenderness. ^ ^ ^ ^ 

5 In the Kenny method of muscle re-eauccation, awareness oi tiie 
\e to be exercised is imparted to the patient. In the orthodox 
muse .^vai-med and the patient is then shown the exer- 

method the p erform the desired movements. In other re- 

efee ma nnd O.h ino)„dc., II, e 

speets the m and muscle substitution (incoordination) 

avoidance ot mass 
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and the treatment of temporary and partial paralysis (mental aliena- 
tion), Our method is simpler and more practical, especially in the 
treatment of young children. I believe that our trained physical ther- 
apists have little to learn from Miss Kenny about muscle training.. 

6. The Kenny method considers all muscles normal or alienated which 
are not permanentlj’’ paralyzed. We recognize temporary and partial 
paratysis, 

7. The Kenny method ignores the power present in a muscle and for- 
bids muscle examinations. Consequently, records of the pi’evious con- 
dition of the patients are not available and it is not possible to verify 
the exhorbitant claims of cures. We examine and grade the muscles 
at inteiwals and their condition is recorded. 

8. The Kenny method does not use braces or splints and it is said 
that they interfere seriously with the circulation and cause hopeless 
muscle atrophy and stiftness. This is not true if they are properly ap- 
plied. There is not sufficient interference with the circulation to cause 
harm; the atrophy and stiffness are temporary and from my observa- 
tions are less extensive than occws under the Kenny treatment. This 
is because paralyzed patients treated by the Kenny method are kept 
flat on the back in the ‘ ‘ correct standing position ’ ’ for six months or 
longer and are only moved for treatment or tumed on the face for one 
hour a day. Of course their backs, hips, and knees remain stiff even 
when subjected to continuous hot fomentations. Such patients are im- 
mobilized more completely and for a longer period than they would be if 
they were treated by orthodox methods. Our patients are encouraged 
to move about during the convalescent stage. 

9. The Kenny treatment i-elieves contractures and prevents defom- 
ities by continuous hot packs, frequent manipulation, and practical 
immobilization of the entire body in bed. We do this more economically 
and effectively by immobilization of the paralyzed limbs in casts or 
splints and daity passive movement. 

10. The Kenny method does not protect paralyzed muscles from 
stretching. We do. 

11. It is claimed that the Kenny treatment will prevent or lessen 
paralysis. There is no proof that this is time. 

12. In the lay press the Kenny method is credited with remarkable 
cures and there are extravagant promises of cures. We avoid publicity 
and are more guarded in our prognoses. 

13. It is stated that deformities do not occur in patients treated by 
the Kenny method. This is not true. I have seen them. 

14. klany patients treated by the Kenny method will be handicapped 
because they will lack splints which would enable them to use their 
paralyzed limbs more efficiently. 

1 , 0 . The Kenny treatment is laborious and mos.sy, and demands a 
relatively large number of .specially trained technicians for a "iven 
number of patients. 
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16. II is also expensive, because, in addition to the large amounts of 
boiling vater iised, the woolen blankets for hot fomentations must be 
I’encwcd about once a week. And we arc at war. 

17. The Kenny method is rigid and cannot be used effectively in an 
epidemic of any magnitude. The orthodox treatment is elastic and has 
weathered many epidemics. Poliomyelitis is an epidemic disease. 

IS. All of the improvement which occurs in a patient who is being 
treated by the Ivenny method is attributed directly to the treatment. ' "We 
recognize the fact that improvement, is the rule in most eases and that 
much of this is spontaneous. It occurs regardless of the treatment. This 
is true of all of the .symptoms of the disease, including contracture and 
paralysis of muscles. 

19. It is stated in the lay press that the Kenny treatment cui’es SO 
per cent of the patients and the orthodox treatment cures only 17 per 
cent. The series are not comparable. The Kenny series included all 
eases diagnosed as polioinj-elitis and McCarroll’s” eases included only 
those with sufficient residual paivilysis to cause them to enter the hospital 
in the convalescent or chronic .stage of the disease. In an epidemic of 
167 cases in Canada, in 1914, all x-eceived orthodox treatment and 137 
(or S2.2 per cent) recovered to a point where they were normal or prac- 
tically normal (HuckelP-). In the 1941 epidemic in Alabama thei'c 
were over SOO cases. H. E. Conwell reviewed 120 of these who were 
treated by the orthodox method’^ and states that over SO per cent are 
normal or practically nonnal. Lenhard'^ reports that of 296 eases in the 
1941 epidemic of poliomyelitis in Maryland that received orthodox treat- 
ment, 68 pel' cent recovered completely, 14 per cent had only slight 
residual paralysis, 11 per cent had moderate residual paralysis, 5 per 
cent had marked I'esidual pai'alysis, and only 2 per cent are wheel chair 
patients. Thus, 82 per cent of these ax-e normal or practically noi'nial. 

It is, then, evident that the oi'thodox method can be demonsti'ated to 
cure as high a percentage of patients as the Kenny method is claimed 
to cxxre and does this with less risk, less cost, in less time, with less labor, 
and with much less fuss. 

COMMENT 


The most important diffei-ence between tlie Kenny and the oi'thodox 
methods of treating poliomyelitis is that in the Kenny method empliasis 
• nlaced upon muscle spasm as the most important feature of the dis- 
^ "and efforts ai'C made to i-elicve this spasm by hot fomentations. 
^^hOe in the orthodox method flaccid paralysis of muscles is considered 
most important feature of the disease and efforts are made to pro- 
the mos function to the paralyzed muscles. The other txvo .s.vmp- 

teet and le-stoie lum.. ^ ^ ^ 


w 


stressed by Jliss Kenny (incooi'dinntion and mental 
reeoamized under different names, but arc treated in 
Tinnixcr under each method. However, we liolicvc that 
mxieh the same ^ uniseles is hai'mful and tends to prolong the 
early active exercise of mustje. 


toms which are 
alienation) are 
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stage of tenderness and contracture and ivc do not begin oiir muscle 
training until these sjnnptoms have subsided, vliile Miss Kenny begins 
her muscle training as soon as possilile after the diagnosis of polio- 
myelitis is made. We also consider splints a useful adjunct to our treat- 
ment where they are indicated. 

The symptoms which Miss Kenny calls muscle spasm are recognized 
and treated in the orthodox method, but they are called rigidity and 
muscle contracture and are treated by immobilization in splints or easts 
to relieve the pain and prevent contractures and the development of 
deformities. In anticipation of the criticism that even though orthodox 
treatment has recognized the so-called muscle spasm it has failed to 
emphasize and treat this sjuiiptom, I wish to state that rest is probably 
the most important therapeutic measure in our armamentarium and that 
in order to put a muscle at rest we immobilize the part. Consequently, 
we treat the tender, painful contracting muscles by rest. This is ob- 
tained by our splints or casts. The reasoJi we have not emphasized these 
symptoms is that they tend to subside when the limb is put at rest. The 
tendency of the muscles to contract (so-called muscle spasm) subsides 
when the pain and tenderness disappear and if deformities are prevented 
this symptom is rarely an important problem under: ortliodox treatment. 
It has not been empliasized because it subsides spontaneously. 
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ACUTE lU^REOKATED GASTRIC AND DUODENAL ULCERS 

Francis X. Paiactta, :M.D., Univkrsity, Ya., and William R. Hill, JI.D. 

Riciijioxd, Y>i. 

(From the Department of Surgery anil Gynecology, University of Virginia 
School of Mcilicine) 

* I UIE aiiiilysis of a series of acute peiTorations of the stomach and 
* duodenum ti’catcd hy ojicration during a period of seventeen years 
(1925-1942), at the University of Virginia Hospital, has jnelded in- 
teresting data on certain aspects of this disease. 


jiaterial 

The material consists of S3 cases. Thirty of the patients had per- 
forated gastric ulcers and 53, perforated duodenal ulcers. The types of 
operative procedure performed in those cases are tabulated in Table I- 
jMost of the perforated gastric ulcers were treated by simple closure. 
Thirty-one of the patients with perforated duodenal ulcers were treated 
by simple closure, 17 bend excision and p.y]oroplast 3 ’, and 5 had closure 
of perforation with gastroeiiterostomj". In each case closure was with- 
out drainage. IMore than one-half of the operations were performed by 
the resident surgeons. No data are presented cither for subacute per- 
forations of benign ulcers treated originallj’ by eonseiwative measures, 
for perforations of malignant ulcers, or for chronic perforations. 


results 


The mortalitj' figures are presented in Table I. There were 14 deaths 
in a total of S3 operative cases, a mortalitj' of 16.9 per cent. The mortal- 
ity percentage was higher in the 30 gastric cases (26.6 per cent) than 
in the 53 duodenal cases (11.3 per cent). 


The most striking factor observed to modify the mortality rate is 
ao-e. The mortality for 24 patients above 50 j-ears of age was 41.6 per 
ceiit wliile in 59 patients below 50 yeai-s of age, tlie mortality was 6.78 
per cent (Table HI). 

The well-recognized factor of the time elapsed between perforation 
nd operation is indicated in Fig. 1. Fifty -nine patients operated upon 
Ive hours or sooner following perforation of ulcer showed a mortal- 
j 3 g per cent as compared to 25.0 per cent in 24 patients op- 
' ntS upon after twelve hours following perforation. 

of the patients were treated with sulfanilamide applied lo- 
Twenty o ‘,.f oration, including 9 supplemented by parenteral 

tit XllC S ^ -iTin T-\M m*fi ? 


er 


administration 


yX / — 

Four others received chemotherapy by the parenteral 
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route alone. Of the 24 patients treated with sulfanilamide, there were 
4 deaths, a mortality of 16.6 per cent as compared to the gross mortality 
of 16.9 per cent. Two of the deaths occurred in patients over 50 years 
of age, and 2 in those below 50 years of age. 

Carnes of Dcafli . — There was a total of 14 deaths, 10 in patients over 
50 yeai-s of age and 4 in tliose under 50 years of age. The causes of 
death for the patients over 50 yeai-s of age were as follows : peritonitis 
5, pneumonia 4, and peritonitis with subphrenic abscess 1: and for the 
patients under 50 years of age: pneumonia 2, ateleetasis with pneu- 
monia 1, and peritonitis with bleeding gastric ulcer 1. 



Fig 1 — Scattergram sho^\lng results from operation on acute perfomtod gastric and 
duodenal ulcers shoxving mortality in relation to age and to the elapsed time between 
perforation and operation Circles indicate sur\nal and dots indicate death. 


DISCUSSION 

The results of this study need little comment. The average mortality 
in the present series (16.9 per cent) of 83 cases is well below the aver- 
age mortality in a collected series (Table II) of more than 7500 eases 
(26.8 per cent). No attempt can be made to ascribe this difference to 
any factor or combination of factoi-s. It is unlikely that the material 
is any more favorable than a cross section of the material in the col- 
lected reports would represent. One-third of the patients were operated 
upon 12 houi-s or more after perforation and in this third there oc- 
cuiTcd 57 per cent of the deaths. 

The effect of the age of the patient on mortality has probably not re- 
ceived in the literature the attention it seems to deserve on the basis 
of the present hgures. Nearly one-third of this series of acute perfora- 
tions occurred in patients over 50 yeai-s of age; and in that group the 
mortality was more than six times the mortality in younger individuals. 
In addition to offering valuable prognostic indications, these data sim- 
gest that no series of results in acute perforated uleei-s is signiheant 



SUKCICKY 
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Tahi,k I 

Ukivkiskitv ok ViiioiNJA Hospital Skhies 


TYPE or OPEIIATIOX EEf'OYEr.Kn DIED 

^l('Ul)' I'rrfnratfil Gnxtric J'lcrrs 

1. Closuro perforation f7 (i 

2. Closure ])crforation, posterior Rastroenfcrostoniy ] 1 

3. Pyloroplasty, jiostcrior gastroenterostomy 1 0 

4. Kxcision and closure of perforation 1 1 

5. Kxcision and gastroenterostomy 1 0 

(J. Gastric resection and gastrojejunostomy 1 0 

Total, 30 cases Deaths, S Mortality, 2(i.(i% 

Acnic Perforata! Pnoilenal Ulcers 

1. Closure perforation 27 4 

2. Excision and pyloroplasty J7 0 

3. Closure perforation, gastroenterostomy 3 2 

Total, 53 cases Deaths, (i Mortality, 11.3% 

Acute Perforated Gastric and Duodenal Ulcers 
Total, 83 cases Deaths, 14 Mortality, ](>.t>% 


Table H 


CoLLECTEB Series 


AUTHOR 


HOSPITAL 


Corff 

Davidson and Rudder 
Debahey 

Donogliue and Jacobs 

Eliason and Ebeling 

Evans 

Pallis 

Graham 

Graves 


Temple University 
Emory University 
Charity 
Cook County 

University of Pennsylvania 
Liverpool' 

Henry Ford 
Toronto General 
Report from German and 
Central Europe 


riswold and Antoncic 


-'‘-J 

sCreery 

orrison 


aa 

ss and Letourneau 


rwan 
itham 
inbuek 
ompson. 
ton . „ 

felder and Allen 
lite and Patterson 
"l^otaf 


Louisville City 

Moscow 

St. Louis City 

Bellevue 

Boston City 

Roper 

Grady 

Montreal General 
Beckman St., N. Y. 

St. James, London 
Detroit Receiving 
Manchester Royal Infirmary 
Mt. Sinai 
Los Angeles 
Broad Street, N. Y. 
Massachusetts General 
Roosevelt 



University of Virginia 


NUMBER 
OF CASES 

MORTALITY 

(%) 

TEAR 

63 



152 

28.0 

1940 

209 

18.2 

1940 

200 

24.5 

1942 

72 

47.2 

1934 

67 

22.0 

1926 

100 

20.0 

1938 

51 

2.0 

1937 

1345 

50.9 

1907-1908 

1394 

20.0 

1918-1.926 

918 

16.6 

1926-1931 

102 

19.6 

1941 

418 

12.8 

1937 

140 

27.8 

1939 

170 

20.5 

1938 

200 

21.0 

1935 

52 

52.0 

1941 

100 

30.0 

1938 

228 

20.6 

1939 

74 

10.8 

1936 

100 

23.0 

1937 

3S9 

25.4 

1938 

46 

9.0 

1922 

SS 

31.0 

1927 

500 

28.7 

1939 

52 

2.0 

1936 

.334 

26.9 

1942 

79 

21.5 

1931 

7*^04 Ave. 

26.8 



,S3 1G.9 
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without reference to age. Although the difference recorded here 
is greater than that shown in any other series, those other au- 
thors'*’ who have calculated the mortality hy age (Table III) 

report an average mortality (45.9 per cent) in the older group more 
than twice that in the younger group (19.3). 

Table III 


iNITAjEKCE OP AgF. ON MORTALTTV 



1 JitORTAIilTY PERCEXTAGE 

AUTHOR 

UNDER 50 VE.VKS 

OVER 50 TEARS 


(%) 

(%) 

■ Davidson and Rudder 

26.6 

43.T 

Debakey 

T9.0 

45.5 

Donoghue and Jacobs 

21.25 

37.5 

' Graves 

20.5 

50.0 

Eichardson 

16.6 

75.0 

Average 

19.3 

45.9 

Paletta and Hill 

6.7S 

41.6 


Perforation of a gastric ulcer seems to be more dangerous than that 
of a duodenal ulcer, as demonstrated by collected figures (Table IV) 
from authors reporting the site.*’ ®’ ’’ The average mortal- 

ity in the former group is 33.2 per cent and in the latter 21.6 per cent. 

The place of drainage of the peritoneum in the treatment of acute 
perforated peptic ulcers is still debated in the literature. A large num- 
ber of authors*’ ®’ *■*’ have written on this problem, includ- 

ing Guthrie*® (1923) and Trout®'* (1935), who sent questionnaires to 
leading surgeons inquiring whether they employed drainage in the man- 
agement of their cases. A review of these papers reveals no unanimity 

Table IV 


INPLVENCE OF SITE ON MOF.TALITY 


AUTHOR 1 

1 

SrORTVUTY I 

GASTRIC 

(%) 

’ERCEXTAGE 

UUODEXAL 

(%) 

Collinson 

53.8 

30.8 

Davidson and Rudder 

27.0 

24.0 

Debakey 

33.3 

21.1 

Donoghue and Jacobs 

24.2 

23.4 

Eliason and Ebelinc 

42.S 

48.2 

Read 

34.7 


Richardson 

50.0 

31 2 

Gangster 

29.2 

16 0 

Southam 

9.0 

5.0 

Average 

33.2 

21.6 

Paletta and Hill 

26.0 

11.3 


of o]nnion, althousli there is a tendency away from the use of drainage. 
It is possible that the absence of drainage in this .scries may be a factor. 
Certainly liip results .shown would not suggest the wisdom of any chan<m 
in the present policy. Drainage of the peritoneum, e.xcept in the prls- 
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encc of {ji'cinulat ion tissue, iias been taiiglit in tliis elinic for many yearn 
as an anaelironisin goinj? back to flic earliest claj'.s of surgical peritoneal 
invasion and even to tlie pre-histevian iveatment of wounds. The work 
of \ ates,’”'® nearly forty yeare ago, dcmonsti'ates the futility of perito- 
neal drainage. Without a.ssuming that the present figures prove the 
lack of value in drainage, it may be said fairly that they present no 
argument in its favor. 

Favorable reports have appeai-ed on the use of sulfanilamide. Gris- 
wold and Antoncic’' (1941) I’eporled one death in 12 operative eases of 
perforated ulcer in which sulfanilamide was used locally. Ulfelder and 
Allen®'' (1942) atti'ibute the sharp drop in their mortality rate in 1940 
to the use of sulfanilamide. The apparent influence of sulfanilamide in 
the mortality of this gi'oup of eases is insignificant. This may be due 
to the small series of cases treated by chemotherapy. 

SmiM.VRY 

Eighty-three patients with acute perforation of gastric and duodenal 
ulcer were operated on at the University of Virginia Hospital in the 
years 1925 to 1942. There were 14 deaths, a mortality of 16.9 per cent. 
In the gastric group of eases, the niortalitj' was more than twice that 
in the duodenal group. Patients over 50 years of age shov'cd a mortal- 
ity six times that seen in patients under 50 years of age. There was a 
mortality of 25 per cent for the patients operated upon after 12 hours 
following the perforation as compared to a mortality of 13.6 per cent for 
the group operated upon 12 hours or sooner following perforation. 
The influence of sulfanilamide on the mortality in this group of eases is 
not perceptible. 

We are indebted to Dr. E. P. Lehman for his helpful susrgestions during- this study. 
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ciice of grnmilalioii 1 issue, Jia.s hcoii laufiiit in tin's ciinie foi’ many years 
as an anacln'onisrn {‘oinj^ back to the earliest days of surgical peritoneal 
invasion aTid even to the j)rc-Listerian t7’eatinent of wounds. The work 
of Yates, nearly foidr j-ear’s ago, demonsti’ates the futility of perito- 
neal drainage. AVithout a.ssuming that the present figures prove the 
lack of value in diviinagc, it may he .said fairly that they pj’esent no 
argument in its favor. 

Favorable reports have appeared on the use of sulfanilamide. Gris- 
wold and Antoncic’’ (1941) reported one death in 12 operative eases of 
perforated ulcer in which sulfanilamide was used locally. Ulfelder and 
Allen"'’'’ (1942) attribute the sharp drop iii their mortality rate in 1940 
to the use of sulfanilamide. The apparent influence of sulfanilamide in 
the mortality of this gj'oup of eases is insignificant. This may be due 
to the small series of cases treated by chemotherapy. 

.SUMiM.VRY 

Eighty-three patients with acute perforation of gastric and duodenal 
ulcer were operated on at the University of Virginia Hospital in the 
year’s 1925 to 1942. There were 14 deaths, a mortality of 16.9 per cent. 
In the gastric group of cases, the mortality was more than twice that 
in the duodenal group. Patients over 50 years of age showed a mortal- 
ity six times that seen in patients under 50 year's of age. There was a 
mortality of 25 per cent for the patients opei'ated upon after 12 hours 
following the perforation as compared to a mortality of 13.6 per cent for 
the grouir operated upon 12 hour’s or sooner following perforation. 
The influence of sulfanilamide on the mortalitj^ in this group of eases is 
not perceptible. 

We are indebted to Ur. E. P. I^ehman for Iiis tielpful suggestions during this study. 
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tion were negative. Gastric analysis showed 58° free hydrochloric acid and 73° 
total acid. Microscopic examination of the fasting stomach contents showed 1 to 2 
white blood cells, an occasional eij-throcyte, yeast 2 plus, and starch 4 plus. The 
serum proteins, plasma chlorides, and clotting, bleeding, and prothrombin times were 
normal. 

The patient was prepared for operation with daily gastric lavage, adequate fluid 
intake intravenously, and vitamins parenterally including vitamin K. 

At operation, Nov. 11, 1910, under spinal anesthesia, there were found distributed 
over the distal third of the anterior wall of the stomach many small subserosal 
yellowish-gray nodules 1 to 2 mm. in diametei. There was no free fluid present. Ex- 
ploration revealed a firm indurated lesion approximately 5 to 7 cm. in diameter on the 
posterior wall of the first portion of the duodenum. The mass was adherent to and 
apparently involved the head of the pancreas and obstructed the pylorus. A definite 
ulcer crater was palpable. There were numerous large, soft Ij-mph nodes along both 
the lesser and greater curvatures. Biopsies were taken from the wall of the stomach 
and duodenum and three l 3 -mph nodes were excised. Frozen sections of these tissues 
were tentatively reported as indicating Ij-mpliosareoma but before the abdomen 
was closed the repoit was changed to inflaniiiiatory tissue. Due to the question of 
Ij’mphosarcoma and since lemoval of the lesion would have been a long and difficult 
procedure, it was decided to establish a posterior isoperistaltic gastrojejunostomv'. 



Fig 1 (Case 1). — Section £rotn serosa of stomach showing the actlnomyces (x220). 


The postoperative course wa-. e-sentially uncomplicated, the highest temperature 
being recorded at 100° P. (reetall with a highest pulse rate of 100. She was dis- 
charged the sixteenth postopeiative day on a five meal gastric diet. An examina- 
tion of the gastni' contents removed through the suction tube after operation failed 
to reveal fungi. 


Patholo,/,c /A/,or(.— The specimen eonsisted of two small pieces of tissue from 
the stomach wall and seven small pieces of lymph nodes. Microscopic examination of 
the biopsies from the stomach wall showed bundles of smooth muscle containing 
irregular clumps of pink staining amorphous material. Scattered throughout were 
bluisli areas, around the peripher.v of wliieli were many g.ant cells and a few poly- 
morphonuclear colls, plasma cells, lymphoej tes, and cosinophiles (Fi- iv The bine 
staining material presented radially arranged structures having tire' appearance of 
cliihliod m.vcelm. A bacterial sta.u revealed small filaments but no othef organisms. 


ACTINOMYCOSIS OF STOMACH AND DUODENUM 

Report op Two Cases 

Edwin W. Sheakburn,® jM.D., Charlottesville, Va. 

(From the Department of Surgery and Gynecology, University of Virginia 
School of Medicine) 

A lthough innumerable cases of mycotic infections arising from 
. the alimentary canal in the ileocecal region have been reported, 
actinomycosis of the stomach and duodenum is a I'are disease. Sanford 
and Voelker,^- in reviewing actinomycosis in the United States up to 
1925, did not list any eases of infection of the stomach or duodenum. 
Reports in the English and American literature have been infrequent. 
Blain,® in 1933, reported the first case of primary actinomycosis of the 
stomach in the American literature and stated that there was only one 
other thoroughlj’- authenticated case in the foreign literature (Nathan’s 
case^®). More recentlj’' (1939) Cogniaux® reported a case of primary 
actinomycosis of tlie stomach. Two reports of actinomjmotic infections 
primary in the duodenum have been found in the English and American 
literature.^*’ Numerous articles dealing with other mj’cotic infec- 
tions of stomach and duodenum have been reported in the Geman litera- 
ture and a few in the American literature. 

Graves and Ochsner** imported two eases of subphrenic actinomycosis 
treated by the posterior extraserous approach; the patients in both of 
these cases died of widespread infection. The authors stated that only 
eight cases of actinomycosis of the subphrenic space had been previously 
reported and none have been reported since that time. 


CASE reports 


Case 1. — A white woman, aged 24 years, entered the University of Virginia 
Hospital Nov. 6, 1940, with a history of recurrent attacks of right upper quadrant 
and epigastric pain for six or seven years. For the previous eight months the 
attacks had been more severe and there had been associated nausea and vomiting. 
There had been some relief with soda but no food relief. She had vomited briglit 
red blood on one occasion but there was no history of tarry stools. Gastrointestinal 
X ray series in the outpatient department showed a complete pyloric obstruction and 
she' was admitted to the hospital for study. 

General physical examination in the ho.spital revealed no significant findings other 
than pyorrhea alveolaris. 

atorv findings revc.aled : erythrocyte count, 4.47 million; hemoglobin, 11 Gm. 

Labor per pent, Dare method); leucocyte count, 9,000. The Schilling 

per 100 c.c. revealed a slight shift to the left. Urinaly.fis and stool exaniina- 
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induration were noted in the region of tlie old right rectus sear and on July 20, 
1941, incision and drainage were carried out, opening into a subcutaneous abscess in 
the region of the previous operative scar. Following the last operative procedure, tl)c 
patient’s temperature became essentially normal for the remainder of his hospital 
stay. Both the anterior and ijosteilor wounds closed fairly rapidly until only small 
draining sinuses were present. Attempts at demonstrating radiographically a com- 
munication between the anterior and posterior wounds by the injection of lipiodol 
into the sinuses were nnsueeessful. Routine cultures of the wound recovered no 
organisms from the subi)hrenic abscess and Jlacillus coH from the anterior abscess. 
The patient was discharged forty-one days after admission and was followed through 
the outpatient department for dressings thereafter. 

' Drainage persisted from both the anterior and posterior wounds and the patient 
was readmitted to the hospital on Oct. 21, 1941. Since leaving the hospital he had 
had drained by his local physician a small subcutaneous abscess on the lateral chest 
wall approximately midway between the anterior and posterior wounds. 

Examination at the time of admission on this occasion was essentially negative 
except for draining sinuses in the region of the subphrenic wound and a small sinus 
opening in the right upper rectus sear. The temperature was normal, the erythrocyte 
count was 3.5 million with 58.4 per cent hemoglobin (9 gm.) and 30,200 leucocj'te 
count. There was a moderate shift to the left by the Schilling differential. Urinal- 
ysis was normal. 

On Oct. 24, 1941, lipiodol was injected into the posterior sinus and an extensive 
system of communicating sinuses in the posterior abdominal wall and abdomen was 
demonstrated by x-ray but no connection between the anterior and posterior sinuses 
could bo demonstrated. Routine cultures and culture.s for actinomycosis were 
carried out on numerous occasions but no definite actinomycosis was demonstrable. 
Staphylococcus aureus nonhemolyticus and diphtheroids were the only bacteria re- 
ported. 

It was felt that the draining tracts should be opened and better drainage pro- 
vided. Therefore, on October 27, under genera! anesthesia, all the sinus tracts were 
laid open throughout their extent and granulation tissue removed for biop.sy and 
culture.s. The wound bled considerably and it, was necessary to pack to prevent 
serious hemorrhage. 

Patholor/ic Peport . — The specimen consisted of a number of fragments of granula- 
tion tissue in which there was a marked inflammatory reaction. In one segment of 
this granulation tissue a mass of radially growing mycelial filaments which had the 
typical clubbcd-shaped bodies on their ends were found. Diagnosis: Actinoravcosis 
(Fig. 2). 

The patient's postoperative course was fairly satisfactory. He was treated with 
thymol by mouth and thymol in oil in the dressings. Ho was also given a course 
of sulfadiazine without appreciable improvement. He was discharged on the twenty- 
sixth postoperative day. .\t the time of his discharge a small persistent sinus was 
pre.sent posteriorly but drainage was minimal. After the second discharge from 
the hospital he was almost asymptomatic at home but when he returned to the out- 
natient department on Dec. i;i, 1941, for a routine checkup, he wa.s found to have a 
large nontender mass in the right upper qiradrant which extended down to the iliac 
crest. In addition, a small tlm-tuaiit abscess was found along the right lower costal 
margin and a small draining sinus per.-isted at the lower end of the right rectus 
sear. There was also evidence of fluid in the peritoneal cavitv. 

He was again admitted on Dec. 13, 1941, for further treatment. Bacteriologic 
studie.s of the tmrulcnl material a.spiralcd in the outpatient department were sug- 
gestive of actinomycosis. Examination at the time of the la.st admis.sion revealed 
dullness in the che.st with suppre.-sion of hre:ith sounds by auscultation in the right 
posterior base. The abdomen was distended, tympanitic, and free fluid w.-m thought 
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Acid-fust stains wore nof;ativ<>. The Reiieral arfdiitocturo of tlie lynipli nodes was 
preserved but there was a innrkcd rctirnlo-ciiilotlicliiil Iiypcrpliisin. There were a 
few scattered mixed inflammatory cells. Diagnosis: jfveotic infection of the 
stomach wall, probal)Iy by one of the actiiiomyccs. Chronic lymphadenitis. 

The patient returned on .Dee. 12, IflJO, asymptomatic and in excellent general 
condition. Gastrointestinal x-ray examination showed a satisfactorily functioning 
gastrocntero.stomy and a marked distortion of the duodenal bulb. 

She was again seen in JIarch, lOJl, had gained tw-en(j--cight pounds in weight and 
was still asymptomatic. 

A recent report from the patient stated that .she has no symptoms and is feeling 
well. There has been no gastrointe.stinal eomplaini. 

Sumnary . — A case of jrastric and duodenal actinomycosis tvitli asso- 
ciated pyloric obstruction and duodenal ulcer is reported, apparently 
asymirtomatic eighteen months after operation. The presence of 
actinomyces in the wall of the stomach suggests a similar infection of the 
duodenal ulcer. 


Case 2. — A white man, aged 41 years, was admitted to the University Hospital on 
Jub' 1, 1941, complaining of dull pain in the right upper quadrant of two months' 
duration. There had been no history of nausea and vomiting, no cough, no hemo- 
ptysis nor heraatemesis. There had been a moderate diarrhea due to medication by 
the local physician. There had been a loss of weight of approximately twenty-iive 
pounds during the previous two months. Ten months prior to admission the patient 
had been operated on elsewhere for a perforated "peptic" ulcer which had been 
closed. The postoperative course was apparently uneventful. The subsequent course 
had been essentially normal until the onset of the present illness. 

On admission the temperature was 99.8° F., the pulse was 80, and the respirations 
were 10. Physical e.xamination revealed a pale malnourished individual. The teeth 
showed marked pyorrhea alveolaris. There was moderate generalized lymphadenop- 
athy, discrete and nontender. Examination of the chest revealed dullness on the 
right from the eightli dorsal vertebra downward, with decrease in tlie breath sounds 
and whispered voice. The diaphragm apparently moved on respiration but was high 
on the right. A few moist rales were heard in the base of the right lung posteriorly. 
There was a soft systolic murmur at the apex of the heart and over the precordium. 
Abdominal examination revealed voluntary muscle spasm in the right upper quadrant 
with some tenderness on deep palpation. There was a long right rectus scar. The 
liver edge was thought to be palpable one fingerbreadth below the costal margin. 


Laboratory studies at the time of admission revealed an erythrocyte count of 
2 9 million with dl.d P^r cent hemoglobin (9.5 Gm.). The leucocyte count was 
19 200 with a moderate shift to the left by the Schilling differential. Urinalysis was 
essentially normal. 

X-rav examination of the chest, on July 2, showed an immobile diaphragm on the 
- ht The lung fields were essentially negative. Impression of the radiologist wa.s 
■ f t' n beneath the diaphragm, liver ahsce.ss or perinephric abscess being tlie most 
ItT- The clinical impression, however, nas subplirenic abscess. 

t' n of the right subplirenic space po.steriorly was carried out on .Tuly 7, 
the extraserous approach, removing the twelfth rib on the right. A large 
1941, 1 * - and approximately 200 c.o. of purulent nmteiiai wore re- 

abscess cavity was enit. 


leased. ^ stooerative course wa.s entirely snti.sfaetory c.xccpt that tlic fever 

The patient s po- ^ preoperntively pcrsi.sted up to 101° F. daily. The 

which was as higi a. blood transfu.sions. On July 27, teuOernp^^ and 

anemia was corrected -e 
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jnduiation were noted m the region of the old right rectus scar and on duh 2P, 
1941, incision and drainage nere carried out, opening into a siibcutaneou'- abscess in 
the region of the prcnoiis operatne sear. Following the la^t operatiie piocedtiie. the 
patient’s tempenitiire became f-sentialh normal for the romainder of his hospital 
stay. Both the anterior and posteiior wounds closed 'aiih rapidly until onl\ small 
draining sinuses were present. Attempts at demonstrating radiographically a com 
munication between the anterior and posterior wounds be the injection of lipiodol 
into the sinuses were unsuccessful. Routine cultures of the wound lecovered no 
organisms from the subphienic abscess and liaciltus coh from the anterior abscess. 
The patient was discharged foitj one dajs after admission and was followed through 
the outpatient department for dressings thereafter. 

Drainage persisted from both the anterior and posteiior wounds and the patient 
was readmitted to the hospital on Oet. 21, 1941. Since leaving the hospital he had 
had drained by his local physician a small subcutaneous abscess on the lateial chest 
wall approximately midway between the anterior and posteiioi wounds. 

Examination at the time of admission on this occasion wa« essentially ncgatire 
except for draining sinuses in the region of the subphreuic wound and a small sinus 
opening in the right upper rectus scai. The temperature was normal, the erythrocyte 
count was 3 i nulUou with oS 4 per cent hemoglobin (9 PCm.) and 30,200 leucocyte 
count. Tliere was a moderate shift to the left by the Schilling differential. Unml 
ysis was normal. 

On Oct 24, 1941, lipiodol was injected into the posterior sinus and an extensile 
system of communicating sinuses in the posteiior abdominal wall and abdomen was 
demonstrated by x ray but no connection between the anterior and posterior sinuses 
could be demonstrated. Routine cultures and lultuics for actinoiiiy cosis wore 
earned out on numerous occasions but no definite actinomycosis was demonstrable. 
Staphylococcus ntiieiiv nonbemolyticus and dipbtberoid' were tlie only bacteria re 
ported. 

It was felt that the draining tracts should bo opened and better drainage pro 
vided Therefore, on October 27, under general anesthesia, all the sinus tracts weie 
laid open fhrougiioiif their extent and granulation tissue rcinoicd for biopsy and 
cultures The wound bled considerably and it was necessary to pack to prevent 
serious lieniorrliage. 

Pathologic Report — The specimen consisted of a nmiibei of fragments of gianula 
tion tissue in which theie was a marked inflaium.itory leaction. In one segment of 
this granulation tissue a mass of radially growing mycelial filaments which had the 
typical clubhed shaped bodies on their ends were Immd Diagnosis: Aetinoiiiv cosis 
(Eig. 2) 

The patient’s postopeiatue coiiise was fairly satisfactory. He was treated with 
thymol by mouth and thymol in oil in the dressings He was also given a course 
of siilfnJiorijie without appreiiahle improvement. Ho was discharged on the twentv 
sixth postoperative tlay .\t the time of his disc irgo small persistent siaus was 
present posteriorly hut drainage was iiuniiiinl. .Vfter the second discharge from 
the hospital he was almost asy mptomatie at home hut when he returned to the out 
natiqnt department on Dec fl. 1941, for a routine iheikup, he was found to have a 
targe nontonder mass in the right upper quidr.int whuh exfondod down to the iliac 
crest In addition, n small fbu tiiiint abscess was foniid along the right lower costal 
margin and a small dr.uiung smus persisted at the lower end of the right rectus 
siar There was also evideme of fluid in the peiitoiieal e.ivity. 

He was again admitted on Dec 15, 1941, for further treatment. Baeteriologic 
studies of the purulent m iterml aspiratial in the outpatient department were sag 
gestive of nctinomyiosis nxaminalion at the time of the last admission revealed 
.lullncss , 1 , the chest with suppression of breath coiinds by luiseultntion in the right 
posterior hasp The abdomen was distemleil. tympanitic, and free fluid was thought 
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to be present. There was n larfre niaw-s in tlio right upper quiuirant apparently 
attached to the liver and extending from the co.stal margin to the level of the iliac 
crest on the right and nearly to the midlinc on the left. There wa.s a large draining 
sinus in the right Jlnnlc, a .smaller one at the level of the umbilicus, and one in the 
previous right rectus incision scar. Fluoroscopy and x-ray on the day of admission 
showed the right diaphragm to be elevated to the level of the anterior end of the 
fourth rib and to be almost completely fixed. The lung fields were clear. A moderate 
anemia was again present and urinalysis was normal. The patient was afebrile. 

On Dec. 10, 1911, under general ane.sthesia an incisio7i was made into the sinus 
tract in the right upper quadrant and a large abscess was opened into just beneath 
the right rectus muscle which extended from the midline acioss to the right flank. 
The entire abscess cavity was laid open by a wide incision and the wound packed 
open. A small draining tract superficially in the right flank was also incised and 
packed open. 
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Fiff. 2 (Case 2). — Section o£ granulation tissue showing actinomyces (X240). 


Cultures and tissue for biop.sy weie taken from the wound at operation. Cultures 
failed to reveal actinomycosis and pathologic study revealed granulation tissue. He 
was again treated with thymol by mouth and tliymol packs m the wound. A course 
of sulfadiazine was also given but this was not tolerated well and an insufficient 
amount to obtain an adequate blood concentration was given. Reveial transfusions 
■yen to correct the anemia. The patient’s postoperative cour.so was rela- 
t've! 'smooth The wounds filled in b_v granulation ti.s.sue. He remained afebrile and 
^ little drainage. On the thirty-fifth postoperative day he was again dis- 
*rred''from the hospUal with a small draining sinus in the right upper quadrant 
Indlle in the po.sterior subphrcnic region. 

' t’ nt was examined on April 24, 1942. His general condition t\as improved. 

. eood and there had been a gain in Height. The anterior abdominal 

His appetite Has intra-abdominal iimsse.s neie palpalile. Honever, two 

wall was entir i tracts remained in the scar of the previous siibplirenic drainage 
small superficia ^^nnulations lining the tracts retealed aetmomyces in the tissue, 
and biopsie-’’ of t le t,r. were overgrown by staphylococci but a direct smear 

Cultures taken at tic .\n x-ray of the cliest showed tlie lung fields to 

revealed the presence o n - loner than at a previous e.\aniination. 

be clear and the right diaphragm 
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Because mycotic infection still persisted tlie patient ■was again admitted to the 
hospital on May 6, 19-12, and exploration under general anesthesia revealed a small 
sinus tract extending from the posterior sinus opening down to the right supero- 
anterior iliac spine and terminating in a small collection of granulation tissue. The 
bone was slightly rough. The tract was excised and packed open. Sulfadiazine by 
mouth was given in doses sufficient to maintain a blood level above 10 mg. per cent. 
Thymol was used in the packs which were changed daily. The wound was healing 
by granulation when the patient was discharged May 21, 1912. Biopsies, smear, 
and culture were all positive for actinomycosis. 

The patient returned for examination on .Tune 29, 1912. He had gained eiglit 
pounds in weight and had no complaints. There was a small amount of drainage 
from the center of the most recent incision and the wound was granulating over an 
area 8 by 1 cm. Otherwise examination was negative.* 

Siimmarij . — A ease of actinomycotic infection of the subphrenic space, 
presumably arising from a perforated duodenal nicer, is reported. 


DISCUSSION 


Etiology . — The role of fungi in inflammatory lesions of the stomach 
and duodenum is not clear. There is a general agreement among the 
many tvriters on this subject that fungi in the stomach and duodenum 
are not the primary cause of ulceration. Tlie pathogenicitj’ of fungi in 
already established ulcers seems to he the point of controversy. 
Askanazy- presented experimental eiddence to show that fungi present 
in gastroduodenal ulcerations influenced the growth and promoted 
ehronicity in the lesion. Several authors”' ”” supported this opinion. 
Others’’ *'’• attached little significance to the presence of fungi 
in the exudate at the base and in the margins of such ulcers. Hauser” 
reviewed the situation and concluded that fungi might inhiliit healing to 
some degree hut that the inhibitory effect was of minor importance com- 
pared to the influence of other factors. Singer^” thought fungi were of 
little clinical importance in aastric ulcerations hut that there were in- 
sufficient clinical data available up to that time upon which to base final 
conclusions. 


Meyer” stated that various bizarre organisms reported by different 
authors probably represented the same organism altered by the type of 
media used, especially in regard to the hydrogen-ion concentration. 


On tlie basis of tlie two ca.scs presented here and the reports in the 
Htcraturc, no definite opinion as to the pathogenicity of fungi in gastric 
and duodenal ulceration can be formulated. After perforation oecur.s 
through either a gastric or duodena! ulcer in whieli fungi are present, 
then the problem becomes one of povitoneal contamination and under 


•Till'S pntlent wai .sRaln ■sUKliCil on Nov 10 and 11. WIC after Dr Shearhum's 
.WwarUwe tor ncUNo mllUarj- dirtv How, - ■' the ainuiea h',,1 alnmit 

,r!iho?,T -leronmtj- of the 

\I>rl! 19. V recent npi.it fro,,, another htvspital •st ,te<l that tlie ontion, 

hull hi-i n admitted in had condition nxcopt for U,e prea nee of anemia no dotfoo 
co"i" repro.ont= ro?urren« of TetS 
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these cii’cumstanees Ihc jircsenee of fungi may afi'eet (he subsequent 
eoursc of infcelion. 

Clinical Data,. — Beanse’' reviewed the iilerature, in 1938, and discussed 
the clinical findings, stressing the absence of any characteristic syndrome 
waiTanting a preoperative diagnosis. Singer-^ also pointed out the ab- 
sence of anj^ typical diagnostic fcature.s. To date, a preoperative diag- 
nosis of actinoinj'cosis of the stomach confirmed In- operation has not 
been I'eported. However, Bearse^ and Singer-^ state that bloody vomitus 
such as occurred in Case 1 of this report is an almost constant character- 
istic of a mycotic lesion of the stomach. Bearse urged the routine pre- 
operative study of gastric washings for the presence of mycelia and sug- 
gested the possibility of a presumptive preoperative diagnosis by the 
demonstration of organisms in the gastric contents together with positive 
serologic evidence. However, in neither of the tv.m eases reported herein 
was it possible to demonstrate fungi in the gastric washings. 

The clinical features of the first ease were essentially those of duodenal 
ulceration with increasing pyloric obstruction. The episode of hema- 
temesis was not interpreted as being of more than the usual significance. 
In the second case, there was no history of bloody vomitus, either prior 
to or follo^ng perforation. The patient had had gnawing epigastric 
pain relieved bj”- food and soda. The subphrenic infection was preceded 
by fatigue, malaise, anorexia, and vague epigastric and right upper 
quadrant discomfort. Later, pain became more severe and was ag- 
gravated bj'' respiratory movements. There were no associated respira- 
tory s 3 Tnptoms. 

Treatment . — The treatment of gastroduodenal ulceration caused b}’- or 
secondaril}^ invaded b.v aetinomjmosis should in theory consist of resec- 
tion of the involved part if this procedure is possible. However, the 
case reported bj^ Blain“ was treated bv resection and although the patient 
survived the operation, death followed in eight months and at autops.v 
multiple liver abscesses were found from which actinomyces were re- 
covered. DeCoure.v- Wheeler^® resected a portion of jejunum for actino- 
mycotic infection of duodenum and jejunum and the patient died shortly 
after operation. X-ray therap.v, large do.ses of potassium iodide, or one 
of the sulfonamides maj' be indicated when tliere is generalized ab- 
dominal infection. Tln’mol bA”^ mouth and loeall.v has also been used in 
treating actinomj'cotic infections elsewhere in the body."’ ”■ 

In the first case reported hci’cin gastroenteroslom.i' was performed be- 

+Uo nnuarcut risk from rc.section of so c.xfensive a lesion in- 
cause 01 lue api 111 n T • , • n 

r cr the pancreas and also necau.sc the diagnosis was uncertain. (Jer- 

surgical treatment was in no wa,v .specific. The fact that the 
^ mained asj'mptomatic for a period of eighteen months follow- 
patient rem .seem to indicate that the ni.vcotic infection is prob- 
ing opera ion danger. During the early postoperative phase, 

ablj" no longer ‘ • -pipj-nd However, her immediate and continued 

th)unol therapy was con-SKleiec. 
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excellent I'esponse to gastroenterostomy soon made it evident tiiat any 
drug or x-raj^ therapy was contraindicated. 

The second case reported is a proved case of subphrenic actinomycosis 
presumed to be the result of perforation of a duodenal ulcer harboring 
actinomyces. The problem at the stage in which the patient was first 
observed in this clinic was one of diffuse infection throughout the upper 
abdominal wall and subphrenic space. Tlie response to adequate surgical 
drainage supplemented by thymol therapy has been good. Any share of 
thymol in the patient’s improvement is, of course, not proved. The 
sulfonamide therapy did not result in a high enough blood concentration 
to be effective. It is possible that further therapy will be necessary if a 
permanent cure is to be hoped for. The coui-se of peritoneal actino- 
mycosis is so deceptive that a future exacerbation of the disease must be 
expected.'*’ 

SUMMARY 

1. A case of proved mycosis of the stomach with duodenal ulcer is re- 
ported, asymptomatic at eighteen months. It is the only ease found in 
the literature in which the patient lived more than one year after opera- 
tion. 

2. A case of subphrenic actinomycotic abscess with persistent infection 
is reported, presumed to be the result of actinomycotic infection result- 
ing from pei'foration of a peptic ulcer. 

3. It is impossible to determine whether the proved mycosis in the 
first ease was the primary cause of duodenal ulcer and pyloric stenosis 
or whether the mycelia were mei’cly secondaiw invaders. The same un- 
certainty is present regarding the etiology in tlie second case. 
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LIPOMAS OP THE GASTROINTESTINAL TRACT 

With Special Reference to the Small Intestine Including the 
Ileum ; Review of the Literature and Report of Six Cases 

Lewis E. Schottenfeld, ]\I.D., CAI., Brooklyn, N. Y. 

(From the Department of Snrgery and Pathology of the Jewish Hospital of 

Broohlyn) 

L ipomas of the gastrointestinal tract are encountered udth relative 
infrequency. Other lienign tnmoi’s such as adenoma and myoma 
are fairly common. My interest in these tumors was aroused by a 
rare case of multiple lipomas of the ileum which produced an intussus- 
ception. A search through the hospital records disclosed five other 
cases, two surgical and three in which the lipoma was an incidental 
autopsy finding. 

From a review of the literature it may he stated that the autopsy 
incidence of lipomas is greater than the operative findings, indicating 
that “silent” lipomas may exist without being recognized. In benign 
tumors of the gastrointestinal tract, the ileum is the most commonly 
involved site in the small bowel, and lipoma the second or third most 
common benign tumor encountered. More than one-half of all lipomas 
of the gastrointestinal tract are found in the small intestine and almost 
one-third in the ileum. Over one-third, or 100 cases, of all lipomas 
result in intussuscejition. In the small intestine, intussusception is 
found in 16.0 per cent of all lipomas and 44.0 per cent of all of those 
which intussuscepted. 

The eailiest recorded account of intestinal lipomas is that of Bauer 
in 1757 in his Epistola do Molis infesfinorum. Morel (1876^) reported 
a ease of lipoma of the ileum which had invaginated and eventually 
protruded from the anus. Coupland (1879)- related a case of intussus- 
ception produced by a lipoma of the ileum which had gone unrecognized 
before the patient, a girl 16 years of age, was operated upon, with death 
following in thirty-six hours. Re-examination of an old museum speci- 
men by Tumer (1884)^ revealed an intussusception of the small in- 
testine produced by a fatty poljqioid tumor. Chandler and Baldauf 
(1907)“ reported a case, in an infant, of a siibserous lipoma of the 
sigmoid which had twi.stcd the bowel and caused an intc.stinal obstruc- 
tion, with an uneventful recovery following excision of the tumor. 
Stetten (1909)' reported two cases after reviewing the literature which, 
up to 1909, comprised seventy-seven cases. Francini (1909)' described 
imillipl c submucous lipomas of the small intestine discovered during 
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the course of an operation for gastric carcinoma. Other cases of sub- 
mucous lipomas of the ileum with intussusception have been reported 
bj^ Harrigan (1916)," Bland-Sulton (1920),’" Swanson (1924),’" 
Horsley (1929),== SicCloskey (1931),=" Bargen (1932),"’ Knoepp 
(1935),"" Eankin and Newell (1933), Po.ston (1934),"" Kirshbaum 
(1935 ),‘‘" Wilmoth (1936),'” and Bonomini (1939).'*" A ease of sub- 
serous lipoma was cited by Brechat (1920).” Two lipomas, one in the 
submucosa and one in the subserosa, were found in a patient treated by 
Vaccari (1923).’'' IMultiplc submucous lipomas were also described by 
Wiener and Polayes (1938).’'= Comprehensive papers on lipomas of 
the small intestine are recorded by Stetten (1909),’’ iMirrolli (1929),"’ 
and Raiford (1932).=" Accounts of exceptional cases of multiple lipo- 
mas irith intussusception are less common. 


SITE AND INCIDENCE 


Several analyses concerning the site and incidence of these tumors 
arc found in the literature. Notablj’^ are those by Stetten (1909),’ 
Odelberg (1921),’= Thorek (1923),’" King (1917), Porni (1930),=’ 
Wakeley and Paul (1931),=’ and Comfort (1931).=" 

Roan (1932),=" in a review of 100 authentic cases of benign tumors 
of the small intestine causing intussusception, found fifty-nine cases 
in the ileum heading the list, and eleven lipomas the third most frequent 
benign tumor. Raiford (1932),=" analyzed 986 cases of tumors of the 
gastrointestinal tract, of which 210 were benign and 776 malignant. 
Eighty-eight (8.9 per cent) tumors were in the small intestine, of which 
fifty (56.8 per cent) were benign; only seven were lipomas and they 
ranked third in frequency of all benign growths. 

Koster (1933)"=. quotes King, who cited only six intestinal lipomas 
encountered in 44,654 intrapcritoncal operations performed at the Mayo 
Clinic. 

The autopsy incidence of intestinal liiiomas fiom the available re- 
ports in the literature is tabulated in Table I. 

Table I 


Autopsy Incihence of Lipomas of the Gastf.ointestixai, Tract 


COTnfOTt3W(>iayS'cilmc) 

w™.,. '..V 

ScIinttenfc M 

— "^T^ 


NO, OK 
AUTOPSIES 

lipomas 

PER CENT 

NO. IN 

SMALL BOWEL 

3,924 

24 

O.GO 

10 (4 ileum) 

5,754 

9 

0.02 

0 (3 ileum) 

8,000 

1 

0.01 


17,000 

0 

0.03 


4,0C.1 

o 

0.07 


38,741 

40 

0.118 

IG (7 ileum) 


r fl -ix ca.se.s in mv series were incidenlal findiims in routine 
Three / j,.’ ij,, to 1934, I’oston"" was able to a.ssemble 242 

necropsy li{?onias; in 1938. Wiener and Polayes” in- 
cases of ■ Since tlicii, the number has risen to ap- 

creased these to 2o9 cases. 
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proximately 275 cases. The distribution of these cases computed and 
estimated up to the present, including those which terminated in in- 
tussusception, is tabulated as shown in Table II. 


Table II 

IXCIDENCE AND DISTRIBUTION OP LlPOMAS .VND INTUSSUSCEPTION 


Incidence 

of 

lipomas 

Total number of lipomas 


275 

Total in ileum 

About 30.0 per cent of 
total 

82 

Total in small intestine 

;About 56.0 per cent 

i 154 

Total in Ueum 

About 52.0 per cent of 
small bowel 

SO 

Stomach and colon 


1 Bemainder 

Incidence 

of 

intussusception 

Total number of lipomas 



Total with intussuscep- 
tion 

About 36.3 per cent 


Total with intussuscep- 
tion in small bowel 

16,0 per cent of all lipo- 
mas 

■14.0 per cent of all with 
intussusception 
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ETIOLOGY AND PATHOGENESIS 

Gastrointestinal lipomas are almost evenly divided between the sexes. 
The majority occurred between the third and the sixth decade, i.e., 
about 75 per cent are found during the so-called cancer age. 

Knowledge concerning the cause of the growth of these fattj* tumors 
is lacking. Pat cells first appear in the tissues of the fetus about the 
fourth month. Little evidence exists in textboolcs on embryologj’ and 
histologj' that fat cells or their mesenchymal prototypes, the lipoblasts 
and their grouped adipose glands, are nonnally present in the sub- 
mucosa or subserosa of the bowel at any time during fetal life. Only by 
routine macroscopic and microscopic examination of every portion of 
the gastrointestinal tract might one expect to find discrete collections 
of fat cells or submucous fatty infiltration. 

In Gray’s Anatomy (Ed. 22), the submucous and subserous layei-s are 
also referred to as tlie areolar layei-s. Areolar tissue consists of connec- 
tive ti.ssue cells lying in their intercellular matrix. The eonneetive 
ti.ssue is derived from the inesenchjTna of the mesodermal primitive 
layer. The mesenchyma is made up of a network of branehing stellate 
cells between which is an intercellular fluid secreted by the cells. This 
later becomes mucoid and is differentiated into eonneetive tissue fibers. 
As growth continues, these cells and their intercellular matrix either 
beeome condensed or diminish in amount. In this way they differentiate 
into various forms of organized connective tissue such as tendon, 
cartilage, and bone. This unformed connective ti.ssue shows a variety 
of cells, a condition of considerable significance in the regenerative and 
defensive function of this tissue; it has been shown that certain of these 
cells, the liktiocYtes, form the greater number of the large phagoevtes 
or macrophages, which combat microorganisms. In addition to the 
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liistioeyles, there are fibrol)]asts or fixed connective tissue cells, various 
kinds of wandering cells, and plasma cells formerlj’ called mast cells. 
Plasma or mast cells occur in varying" numbers in most loo.se connective 
tissue, being espceiallj' numci'ous along the course of the blood ve.ssels. 
Tliey are large round or ovoid cells, vnth a pale-staining nucleus and 
coarse cj'toplasmie granules which slain deepl.'i^ with basic dyes. Their 
origin and function are not clear, though some investigators believe 
them to be connected with the formation of fat. Tliey maj’^ be the 
anlage of fat cells and lipomas in the submueosa and subserosa. 

The appearance of the adult fat cell can best be understood by a 
reference to its histogenesis. As the original embiyonal stellate-foi’ni 
cells enlarge, they lose their stellate appearance, become rich in proto- 
plasm, and have the general configuration of secretorj' cells (steato- 
blasts). Pine fat droplets are formed in the cytoplasm, which increase 
in number and finall 3 ’' coalesce forming larger droplets. In doing so 
the ceU takes on a moniloid or “mulbeny” appearance, the nucleus is 
pushed to one side, and the ejdoplasm gi’aduallj'' reduced to the thin 
membi’ane of the adult cell. Onlj’- with the most extreme deposition 
of fat do aU the droplets fuse into one or a few large fat spaces, and 
often the nucleus retains its central location and does not take the 
flattened form at the cell peripheiy characteristic of the ordinarj^ adi- 
pose tissue. The origin of the fat di’oplets is still obscure, although 
various theories have been proposed. The blood supplj' is rich and 
the adult lobule retains its embiyonal vascular relations, the vascular 
supply of each lobule being complete and independent. 

Some consider fat as a special tissue arising from specific secretory 
cells, steatoblasts, wliile others think it to be derived from a modified 
tj'pe of fibrillar connective tissue in ivhich tlie cells have lost their fiber- 
forming capacity and have assumed the function of fat storage. 

Pat cells are found isolated or in groups in all loose connective tissue, 


and when present in large amounts, the.v are referred to as adipose 
tissue. It is conceivable that lipomas spring from steatoblasts, which 
first appear singly or in aggregates, lie dormant until adult life, and 


then form fat cells which continue to multiply. These become sur- 
rounded bj’" an envelope of fibrous connective tissue udiicli develops into 
the capsule. Together, tliej^ constitute the lipoma. There ma.y be an 
intermediary stage, the lipoblasts, between the steatobla.sts and the fat 
cells The entire mechanism is still a moot question. 

One of the most illuminating and fascinating concepts concerning fat 
tissue recently appeared by H. Gideon Wells (1940).='' He .states 
Vnose tissue is not merclj' a storehouse. It is also a manufactui-- 
• ^ *1 t in active operation, not only producing some or all of its 
ing Put probably conducting otlier proee.sscs nof as .vet 


revealc • Pelieve that adipose tissue is a specialized tissue 

There is reas connective tiasuc in which fat is dejjosited 

and not merely oiam.a. 
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when in excess. Histologic and embr 5 ’^ologic evidence has also been 
presented in support of this idea, in fact, that it is a definite organ. 
The existence of such specialized tissue for the deposition of fat is 
especially well seen in certain organs and in certain species, especially 
the hibernating animals. Hammer (quoted by Wells, 1895) especially 
developed this conception of turn tjqies of fat tissue coming from the 
same primitive connective tissue elements. In man, the perirenal fat 
tissue offer’s the closest resemblance to primitive fat organs or to the 
fat glands of hibernating animals. It exhibits some of the charactei’s of 
glandular adipose tissue, the cells being more or less multilocular when 
not too well filled with fat, although in well-nourished adults they ap- 
pear like ordinaiy fat tissue. 

klallory goes so far as to say that the fat cell is a perfectly definite 
t 3 'pe of cell formed bj’ differentiation from a mesenchymal cell ivithout 
anj' relation to a fibroblast. 

In other w'ords, the adipose tissue is to be looked upon as part of 
the reticulo-endothelial system, a conception which suggests more active 
function for adipose tissue than has been generally recognized. "Wells 
is prepared to accept the view that even while still distended ndth fat, 
the fat cells may be eairying on important functions not a.s yet dis- 
closed, for the mere presence of a load of fat need not seriously impair 
other activities. Even extreme fattj' degeneration and infiltration of 
parenehjnnatous cells are not neccssarilj' associated with marked inter- 
ference with function. 

To regulate the functional activity of the fat organs an abundant 
nerve supply’ to both the vessels and the parenchyma is present. Sec- 
tion of the nerve supph' modifies the behavior of the fat cells in storing 
and j’ielding fat. Bezmik and •Haseh (quoted by ^Vells, 1937) have 
shown that it is the sympathetic fibers that control both deposition and 
mobilization of fat in adipose tissue, and Boeke (quoted by "Wells, 1933) 
had demonstrated sj-mpathctic nerve fibers running to individual fat 
cells. 

During fat resorption from ordinary white fat tissue the large drops 
do not simply grow smaller but the fat is taken up by the cell eytopla.sm 
and consumed tlierein. This process may be analogous to the hj-per- 
plasia phase in the by pei’plasia-in volution process which goes on in the 
tliyroid gland, when the acinar cells draw upon the iodine witliin the 
acinus, and gradually diminishes the colloid. 

Wa.sscrmann found that the thin rim of eytopla.sm of the distended 
fat cell can swell up with fluids and suggests that adipose tissue may 
play a role in water metabolism. This view is supported by the re- 
markable and deceiving water 1o.ssgs and retentions observed in defatting 
as emphasized by Newburgh (quoted by M'ells, 

Stetten (I'.tOO)- am] Kimlibnum (1935)'" mention briefly that lipomas 
Kt»nng from the connective tissue of the submuco.sa as the result of meta- 




liistiocyles, tlicre arc fibroljlasfs or fixed connective tissue cells, various 
lands of wandering cells, and plasma cells formerly called mast cells. 
Plasma or mast cells oecui’ in vaiying numbers in most loose connective 
tissue, being especially numerous along the course of the blood vessels. 
They are large round or ovoid cells, 'ndth a pale-staining nucleus and 
coarse cjdoplasmic granules which stain deeply with basic dj^es. Their 
origin and function are not clear, though some investigators believe 
them to be connected with the fonnation of fat. They ma3’' be the 
anlage of fat cells and lipomas in the submucosa and subserosa. 

The a.ppearance of the adult fat cell can best be undei’stood by a 
reference to its histogenesis. As the original embryonal stellate-form 
cells enlarge, thej^ lose their stellate appearance, become rich in proto- 
plasm, and have the general configuration of secretorj' cells (steato- 
blasts). Pine fat droplets are formed in the cj'toplasm, which increase 
in number and finallj’- coalesce forming larger droplets. In doing so 
the cell takes on a moimloid or "mulberry” appearance, the nucleus is 
pushed to one side, and the ejfioplasm gi’adually reduced to .the thin 
membrane of the adult cell. Onlj^ with the most extreme deposition 
of fat do all the droplets fuse into one or a few large fat spaces, and 
often the nucleus retains its central location and does not take the 
flattened fonn at the cell peripherj' characteristic of the ordinarj’" adi- 
pose tissue. The origin of the fat droplets is still obscure, although 
various theories have been proposed. The blood supply is ricli and 
the adult lobule retains its embryonal vascular relations, the vascular 
supply of each lobule being complete and independent. 

Some consider fat as a special tissue arising from specific secretory 
cells, steatoblasts, wliile others thinli it to be derived from a modified 
tjTJe of fibrillar connective tissue in which the cells have lost their fiber- 
forming ca.pacitj^ and have assumed the function of fat storage. 

Pat cells are found isolated or in groups in all loose connective tissue. 


and when present in large amounts, thej" are referred to as adipose 
tissue. It is conceivable that lipomas spring from steatoblasts, which 
first appear singly or in aggregates, lie dormant until adult life, and 


then form fat cells which continue to multiply. These become sur- 
rounded bj^ an envelope of fibrous connective tissue wliich develops into 
the capsule. Together, the.v constitute tlie lipoma. Tliere maj^ be an 
intermediaiy stage, the lipol^lasts, between the steatoblasts and the fat 
cells The entire meciianism is still a moot question. 

One of the most illuminating and fascinating concepts concerning fat 
tissue recently appeared by H. Gideon Wells (1940 )."- iJo states 
(Pnose tissue is not mereh' a .storehouse. It is also a manufactur- 
‘ ■ active operation, not onl.v producing .some or all of its 


^"red^'^materiels but probably conducting other proce.sses not as yet 


revealed.^ Relieve that adipose tissue is a specialized tissue 

There is reaso connective fis.sue in which fat is dejiosited 

and not merely oidmaij 
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when in excess. Histologic and embrj’ologic evidence has also been 
presented in support of this idea, in fact, that it is a definite organ. 
The existence of such specialized tissue for the deposition of fat is 
especially well seen in certain organs and in certain species, especially 
the hibernating animals. Hammer (quoted by Wells, 1895) especially 
developed this conception of two tj'pes of fat tissue coming from the 
same primitive connective tissue elements. In man, the perirenal fat 
tissue offal's the closest resemblance to primitive fat organs or to the 
fat glands of hibernating animals. It exliibits some of the character's of 
glandular adipose tissue, the cells being more or less multiloeular when 
not too well filled with fat, although in well-nourished adults they ap- 
pear like ordinary fat tissue. 

Mallory goes so far as to say that the fat cell is a perfectly definite 
type of cell formed by diffei'entiation from a mesenchymal cell without 
any relation to a fibroblast. 

In other words, the adipose tissue is to be looked upon as part of 
the retieulo-endothelial system, a conception which suggests more active 
function for adipose tissue than has been generally recognized. Wells 
is prepared to accept the view that even while still distended nfith fat, 
the fat cells may be carrying on impoiffant functions not as yet dis- 
closed, for the mere presence of a load of fat need not seriously impair 
other activities. Even extreme fatty degeneration and infilti’ation of 
parenchjTuatous cells are not necessarily associated with marked inter- 
ference with function. 

To regulate the functional activity of the fat organs an abundant 
nerve supply to both the vcissels and the parenchyma is present. Sec- 
tion of the nei'A'c supply modifies the behavior of the fat cells in storing 
and yielding fat. Beznak and Tlasch (quoted by Wells, 1937) have 
shown that it is the sympathetic fibers that control both deposition and 
mobilization of fat in adipose tissue, and Boeke (quoted by AY ells, 1933) 
had demonstrated sympathetic nerve fibers running to indirfdnal fat 
cells. 

During fat resorption from ordinary wliite fat tissue the large drojis 
do not simply grow smaller but the fat is taken up by the cell cytoplasm 
and consumed therein. This pi'oeess may be analogous to the hyper- 
jdasia xfiiase in tlie hyperplasia-involution process which goes on in the 
tiiyroid gland, when the acinar cells draAv upon the iodine within the 
acinus, and gradually diminishes the colloid. 

A\ a.ssermann found that the thin rim of cytoplasm of the distended 
fat cell cai\ swell up with fluids and suggests that adipose tissue may 
l)]a\ a role in water metabolism. This view is supported by the re- 
markable and deceiving water losses and retentions observed in defattiim 
of obese, as emphasized by Newburgh (quoted by AYcils, 

Stetten (1909)’ and Kii-shbaum (1935 mention briefly that lipomas 
snrimr from the connective tissue of the submueosa as the I'esult of meta- 
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plasia, oi‘ from tlic fat in the snbserosa, l)iit do not trace the patlio- 
genesis any further. Raiford (1932)**' .seeks to explain the predominat- 
ing oecurrenee of tnmor.s, including liiiomas, in the ileum hy the sta.sis- 
irrifafion theory. He points out that the terminal ileum is the only 
part of the small intestine where the fecal stream slows up and 
accumulates. In doing so it exercises an irritating influence on the 
bowel Mdiich results in 'tumor formation. Stasis and irritation are 
likewise present in the stomach and large intestine whei'c invasion by 
tumoi’s is well knowii. This includes lipomas which in the stomach occur 
mainly in the distal half. If this theory in its application to cancer 
production is accepted, then it must also hold true as a contributory 
factor in the formation of other tumors in the small bowel, such as 
lipomas. But the underlying factor in this theoiy is unknovm. 

In the embryonic theory of Cohnheim, which has many supporters, 
may lie the explanation for some ea.ses. This has as its basis, arrested 
development and misplaced embryonic tissue. ■ It is cpie.stionable whether 
this could apply to the small intestine, which does not develop until 
the last four months of fetal life, as compared to the remainder of 
the gastrointestinal tract which develops earlier. 

Staemmler regarded lipomas as arising from lieteroplastic fatty tissue. 
This seems like a convenient term to explaiii the sitiwtion without 
offering any factual evidence. Erlich, on the other hand, considered 
the growth as a simple hyperplasia of fat cells but does not account 
for the origin of the fat cells. MirroHi (1929)“' proposes a theory 
which bears repetition. He feels that, following an inflammatory re- 
action in the wall of the bowel, an exudate is ijoured out which is rich in 


leucocytes and fibroblasts. The leucocytes metaplase into fat cells and 
the fibroblasts form fibrous connective tissue which suri-oiuids the fat 
cells and forms a capsule, the whole then constituting the lipoma. He 
cites cases of fibrolipomas formed in inflamed portions of bowel. There 


is however, little or no evidence that a leucocyte at any stage in it.s 
evolution from it.s primordial cell or myelobla.st, can metaplase into a 
fat cell It also doe.s not explain those lipomas which arise wifliin 
bowel which does not sliow evidence of previous inflammation. Meta- 
plasia as the motivating force in the formation of a lipoma, has yet 
to be definitely proved. 

Specimens exhibiting early stages of lipoma formation liave shown 
, , lipoma arises like normal fatty tissue from a preadipose ti.ssue 
' d from embryonic mesenchymal ti.ssue. Even benign lipomas 
derive j^mature cells, arousing suspicion of a malignant growth, 

• lained by the fact that mature fat cells seem to be unable to 
which IS exp jg accomplished by immature cells. Occasionally 

proliferate, an ^ malignant character and then they demonstrate 

lipomas do a 'o j„i„ of fat in relation to the jiriinitivc m.vxom- 

nicely Ihe em i.'oi the earlv fetus. .Such tumors mav reach 
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PATHOLOGY 

Gross Appearance (Fig. 1 ) .—Lipomas are completely differentiated 
iienign tnmors. In the inte.stinal tract they grow mostly (about 90 
per cent) in the submucosa, and to a lesser extent in the subserosa. 
They occur most frequently as single tumors, but may be found as 
multiple growths. Both submucous and subserous types may be present 
in the same patient. iSlultiple growths are most commonly submucosal. 
Keports in the literature include the eases of Huss ivith twelve sub- 
mucous lipomas of the ileum, Hahu with four submucous lipomas and 
one subserous lipoma in the ileum, Odellierg (1920)’'= with one sub- 
raucous and one subserous lipoma in the ileum. Hellstrom (1906) with 





1 (Capo 1). — Ileum oponod showing: mucosal lining an I both lipomas at either 
fnd of resected portion of put. 

mullipic sui)mucous and subserous lipomas of the ileum, and Sangalli, 
Bievring, and Baner who rejmned mnlliple li]mmas of the colon. In my 
ciise there wore two submneous lipomas in the ileum. Deroque and Dc- 
roque (1924)” in their series of 10.5 eases included seven eases (6.6 per 
cent) of multii)le lipomas. Comfort's (1931)='' scries includes thirteen 
cases of multiple lipomas and seven eases of eomhined submucous and 
subserous types, A very rare subserous li)>oma was found in Breehal '.s 
(19201" case, wi\ere the tumor in the ileum resulted iu a volvulu.s. T)jo 
mii.iority of lipomas iu the subserous layer are found iu the large bowel. 
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Tliej’’ usnalJ.v orifviiiaje IVom Ihc appondice.s opipJoicae whore they ffiow 
toward flic pei'itoneal cavity and arc more or loss podunculatecl. They 
give trouble cither by diiwl coniprc.s.sion or by ti’action on tlieir pedicle, 
but very i-arely produce invagination. Kuben, in 1021, collected only 
fifteen ca-se-s. 


Size: Submueou.s lipomas of the .small inte.sfine do not attain the 
size of those in the lai’gc bowel because of the smaller lumen of the 
small intestine. Giving rise to .symptoms much earlier because of this 
fact, the.v are recognized and treated .sooner. The subseroiis tinnors 
find less resistance oftered to their expajision by the serosa than h.y the 
rest of the intestinal wall and thei'cfore grow toward the peritoneal 
cavity. They may attain the size of a child ’s head before they are recog- 
nized clinically. Both types may be present as microscopic collections 
of fat cells, diffuse lipomatous infiltration, or a discrete tumor. The 
latter is the most frequently encountei'ed. The other two forms are 
rare] 3 " seen and may he intcrmediaiw stages in the growth of these 
tumors. 

Manner of groruth: Lipomas, not unlike other benign small bowel 
tumors, maj^ be either sessile or polypoid. The former are oral or j'Oimd 
and of vai-jung thickness. The submucous growths are covered by the 
mucosa and ocoasionally the muscularis mucosa, while the subseinus 
variet.v lie direetlj- under the peritoneum. In each ease the covering 
constitutes a locus minoris insistentiae, with a more unyielding mus- 
cular la 3 ’’er opposite, forcing their grovdh toward the lumen of the 
intestine or the general peritoneal eavify. 

The polj^poid t,ypes, in .some instances, begin as sessile forms and 
later develop a pedicle. They may, from their inception, grow on a 
broad base and reach mature size Avitliout forming a ])edicle. Pol.ypoid 
tumoj's comprise a group to which the diagnosis of intestinal poh'p is 
often carelessl.y given. 'Wliilc benignanc.y is usually implied, and the 


majoritj^ of such polyps fall into the class of adenomas, almost nn.v liis- 
tolo^ic type may a.ssumc the form of a polyp. One should, therefore, 
qualify the term polyp hy its histologic surname or prefix'. They orig- 
iuatc as small hi foldings of muco.sa info which the .sulnnnco.sa, witli a 
luster of fat cells or a mimUe lipoma, herniates. Other litstologie 
V-' ties of poljT follow this manner of development. The passing iu- 
contents together with the peristaltic wave o.sert a constant 
-rmiUn" and drawiner on the Imse, until a pedicle is formed. The 
force, pi jj, thickne.ss from a liny lliroad to a thick cord, and 

pedicle base to many ecnfimcfcis in icngdi. 

from a, s ^ suUstance of Ihc lipoma resembles normal 

Cnt Section K . yellow. 11 is u-el) eireinnso-jbed and 

fattj' tissue. > visible fibrous eonneelive tissue capsule from 

frequently covere ‘ . thicknesses which divide the tumor into 

ndiich arise septa of 
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lobules. Lipomas wMcli contain numerous fibrous connective tissue 
septa are often termed fibrolipomas. Small blood vessels are seen cours- 
ing through them. Damage to these vessels accounts for the bleeding 
when these tumors cause obstruction. Cystic degeneration, necrosis, 
ulceration, or sloughing of the lipoma, have been cited. 

3Iicroscopic Api^caToace (Figs. 3 and 4) .—Microscopic sections should 
include the site from which the tumor springs as well as a portion of 
the intestine on each side. In the submucous variety, it appears at 
first that the lipoma arises from the mucosa or from the muscular layer. 
If the mucosa is traced, it udU be seen to surrovmd the tumor and that 
the muscular layer rapidly peters out near the base. The mucosal cov- 
ering is thin and atrophic and the museularis mucosa is barely per- 
ceptible. The fat cells are divided by fine connective tissue septa into 
lolrales of various sizes and shapes. Where -some of the septa join. 




2 1) — Sime specimen with cut section of lipomas showing: smooth clisten- 

Ing jellow-whlto surface. ‘ 

small groups of fibroblasts are visible, and in other places round cell 
infiltration may bo present. Pine capillaries and larsier vc.ssels arc 
scattered thromihmU the tumor. The cells arc fully developed adult 
fat cells closely packed together. They have a polyhedral shape because 
of tile prevsure of adjacent cells, whereas fat cells which occur simrly or 
in small groups retain their spherical or ovoid form. Only the thin 
skeleton of the colls is visible. Xo fat droplets arc seen within the cells 
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because they are dissolved out in the fixing process. Here and there a 
dark-staining cre.scentic area is seen at the periphery of a cell. This is 
tlio nucleus with a small amount of surrounding cytoplasm Avhieh has 
been pressed against the cell wall by the fat drop within the cell. They 
are the so-called signet-i'ing cells. Tliey occur only when the plane of 
the section passes through the nucleus. 



illon yr ‘'f cUon rjortlon of H* urn 

/y that ro\tfint: Ilpnrtia fs tlilnn'rl on* urwll 

Vie 3 S^onc lilioini C -iil'miiTO- 1 . mntiilnlnK i i-vd-. n'>'l 

on >r.» ' i.lMntItl i of k» 1. /’. o-ni>o-o tl“-u< r„<..i.rl«lnx. tin 

.rnbcoulao. //. Ofoo,. d. 


Tie 3 \V« one Upoin i t'n C ^ol^mnro'* t, mntnlnlnf: * 

on oncU ■'>'’1, >r.» ' i.lMntItl i of k« 1. /’. o-llno-o tl“-u< roo.i-rldnx, tlo 

atropUloa. ,OoroffV.«Vc .rnbf oulao . //. Otona ^■-d. 

tissue, "/."flbrou* conn.ctl'o 
Iiponiii. w- 
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SYMPTOMATOLOGY’ 

There is no syndrome Yvhieh is peculiar to lipomas. Other benign 
tumors of the bowel may produce similar sj-mptom complexes. Symp- 
toms are those of intestinal obstruction produced by the tumor itself 
or by intussusception. Ail varieties of intestinal obstruction may be 
met — acute, subacute, chronic, acute exacerbation of a chronic obstruc- 
tion, partial or complete, intermittent or progressive. The symptoms 
may be preceded by months or years of abdominal complaints of a vague 
or mild nature. 



Ml,. 4 (Casu 1). — Hluh-jiower niaBmOcnUon. Shon.s a portion of Knnmn j 
vosscl, Ui<- is «cii ...■xfU.pwi .in<i .show.x mnrkod thlckoninr nf 

Uie cndolliclluni well iiroscr\rd /! Fat calls, .xonio of the tJnc • S 

ha,» bci n dlxsoU i-a out In tlic fiMnu process lesutnB onlv the coll membrane' ‘ ^ ^ * 


The Size, loeation, and behavior of the tumor determine tlie time of 
onset of the symptoms. Tliese are probably due to (1) interferenee with 
the mtrmsic nm-vous meehani.sm of the gut wall causing disordered 
peristaltic activity, (2) obstruction of the lumen. (3) iiUus.suscoption 
t4) ulceration of the lining mucosa or the tumor itself with or without 
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Jiemorrhage, and (5) tlio results of circulatory changes incidental to 
forceful peristalsis or intussusception, such as edema, congestion, ulcera- 
tion, hemorrhage into the tumor, necrosis, and gangrene. 

The symptomatology may be classified as follows: 

1. Latent or silent. 

2. Nonobstruetive. 

(a) Mild, recurrent. 

(b) Chronic intestinal obstruction. (Chronic intussusception.) 

3. Obstructive. 

(a) Gz’adual enlargement of the lipoma. 

(b) Acute intussusception. 

Latent or Silent . — Some lipomas may exist without causing sjTuptoms. 
They are found incidentally at necropsy or during a laparotomy. They 
are usuallj' small submucous sessile gi'owths M’hieh do not interfere uuth 
the passage of the intestinal contents or the normal pei’istaltie activity 
of the bowel. 

Nonobstructivc.Some lipomas produce spnptoms, yet are nonoh- 
struetive. 


Mild, recurrent: MHien these tumors grow to the size of a walnut and 
cause some derangement of bowel action, there is produced a combina- 
tion of a hindei’ing and an iiTitating effect on the intestine. This stage 
may be preceded for months or j'ears by irregular, vague, evanescent 
complaints of malaise, loss of appetite, and fleeting abdominal pains. 
These pains may be diffuse, but are frequently localized to the region of 
the tumor. Tumors located in the tenninal ileum or cecum have fre- 
quently been diagJiosed as appendicitis, whereas duodenal tumors have 
simulated biliaiw colic. The pains are probably produced by the tug- 
ging of the gut wall by the peristaltic effort to expel the tumor, or b.r a 
beginning but unsuccessful invagination. They may cease as suddenly 


as they began. 

Chronic intestinal ohsirnction: With an increase in the intensity and 
persistence of the .sj'mptoms. a more progressive pathologic state mani- 
fests itself. The growths ma.y obstruct eithei- by encroachment on tlie 
lumen or by invagination. There may be repeated attacks of intestinal 
colic nausea, and frequently vomiting. Constipation, due to the ob- 
struction or to interference with tbe peri.staltie mcclianism, may follow 
and may alternate udth periods of diarrhea. Blood, mucus, or pus may 
! found in interference with the blood supply 

the tumor, pressure, necrosis or ulceration, or trauma of the i)cdic)o 
^ . t' -e neristalsis. Chronic or reeurrent ileus may become a major 
by ac u abdominal distention, considerable di.scomforf. bclcli- 

factoi, P = ,;fu]iilafc acute infoslinal obstruction 

ing, e,\'orci.se of .surgical jiidtr/ncnl. But .such 

and pose a T™ \isually respond to i)alliativc lhcraj>y. In 

cases are Uunor mav be felt by abdominal palpation, 

thin indimduals the tinno 



SCHOTTENFELD ; LIPOMAS OF GASTROINTESTIXAL TRACT 59 

Attempts at invagination may lead to chronic intussusception which 
continues for months, with resultant acute obstruction. IMorel (1876)’ 
reported a case that had been observed for three years vuth numerous 
attacks of intestinal colic, luitil a large lipoma of the small bowel %vas 
extraded from the anus. The patient in Goodall’s (1912)® ease had 
twenty months of repeated colic brought on by chronic invagination of a 
lipoma of the ileum. Various diagnoses of an organic and functional 
nature were made before an operation was undertaken; the patient' re- 
covered following a resection. In a case of multiple lipomas of the ileum 
which had caused a long-standing obstruction, Melletti (1933)®® found 
a marked dilatation and hypertrophy of the bowel. A similar case had 
been reported previously by Francini (1909).® He explained the ab- 
sence of intussusception by the fact that the coarctation, resulting from 
the hypertrophy of a long portion of bowel, prevented invagination from 
taking place. Such cases of chronic occlusion are more common in the 
small intestine. That a lipoma of the large bowel may cause chronic 
obstruction is demonstrated by IMirroUi’s (1929)“ case, in which a sub- 
mucous lipoma of the descending colon had produced an invagination 
and finally extruded from the anus. 

Cases of spontaneously extnided lipomas are very uncommon. They 
maj’’ originate from either the ileum or colon. Deuds (IfiOG)®" noted this 
phenomenon in 20 per cent of his foxdy-four cases. MirroUi (1929)®’ lists 
eleven such eases, of which seven oi’iginated from the ileum, including 
klorel’s case, and four from the colon. Comfort (1931)®= found four- 
teen cases (7.7 per cent) which wex'e extXTxded from the anus, most of 
them having their origin in the colon. In twelve others the lipoma was 
spontaneouslj' expelled. This is not to be confused vdth extiaxsion whei’C 
the lipoma foiming the head of the intussusception appears at the anus, 
whereas in expulsion tlie lipoma bi-ealcs off, usually from a thin pedicle. 

The problem of intestinal occlusion usually plays little paxt in sub- 
serous lipomas. The sjunptoms which they pi-oducc are the result of 
pressure on contiguous organs. Jlost abdominal viscera yield readily to 
pi’cssure around them. This accouixts for the large dimensions which a 
subscrous lipoma may attain befox'c it is recognized clinically. 'When 
such a txxmor abuts against a finn unyielding mscus, for example, the 
liver, symptoms will occur earlier. Pi-essure on adjacent loops of bowel 
may produce pax-tial obstnxetion. 

Ohslructivc . — Most cases which come under observation fall into this 
group. The obstruction is of the acute or progx-essivc type and usually 
requires surgical intervention. Of Stetten’s eases, fifty-six (72.7 per 
cent ) were accompanied by symptoms, of which twenty (25.5) per cent) 
resulted in acute intc.stinal obstruction. In eighteen (23.2 per cent) of 
iliese the obstx'uction was due to acute intinssiisception. In Comfort’s 
eases, 114 (G2,9 per cent) eau.sed symptoms. 

arndunl enhironneni: Obstruction will rc.suU when the lumen of 
the bowel is completely encroached uimu by the lipoma. Tliis is char- 
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acteristic of benign tinnors and is contrary to the beliavior of malignant 
growtlis whicli constrict the bowel. TJie onset of symptoms is gradual 
and ma}' be preceded for a long time bj'' indefinite symptoms of “in- 
digestion,” malaise, and mild colic. Pain, which is constant, maj' be 
diffuse or situated in the lower abdomen. It maj’’ be dull, sharp, or 
cramplike. It usuallj’- increases in severity without any remissions. 
Nausea and vomiting, which appear later, are constant and occur more 
frequentlj^ when the tumor is located higher in the small intestine. 
Bloating is usually a sign of high intestinal obstruction. Malaise ap- 
pears very early. Anorexia is soon followed by weight loss. Consti- 
pation may be marked and may alternate with diarrhea; obstipation 
ensues when the obstruction is complete. Cachexia and signs of malnu- 
trition may appear v'ithin a few da3'S. Tenderness is most often 
present over the site of the tumor and is accompanied b.v spasticit.v. 
A large mass or a sense of resistence maj' be felt if the spasticit.v is 
not pronounced and the patient is not obese. The lipomas in twenty- 
three of Comfort’s series wez-e palpable;' three of these were in the 
small intestine. Distention is a late sign. Gross or occult blood may 
be present in the stool and is usually a sign of ulceration, necrosis of 
the mucosa overlying the tumor or the tumor itself, or trauma to 
the pedicle. 

Acute intussmception : The term intussusception, meaning “recep- 
tion within,” connotes a deliberate preparation to receive something 
and is therefore not a true pathogenic description. 

The majoritj’ of lipomas which cause obstruction teiminate in acute 
intussusception. Reports in the literature overlap and are somewhat 
confusing. Man}'^ reported series of eases are minced and in the 
earlier literature the data presented are inaccurate. The manj^ incom- 


plete ease reports, together with those which never reached the printed 
archives, render a true account of the incidence of intussusception a 
difficult task. Raiford’s (1932)^” incidence of intussusception of all 
tumors situated in the ileum and .iejunum was 23 per cent. Staemmler 


is quoted as stating that 30 per cent bad this complication. Some of 
Stetten’s cases were shown by Comfort to be inconclusive and incom- 
plete Poston (1931)”“ was able to assemble 242 cases of gastrointestinal 
lipomas reported up to 1934; 80 (33.0 per cent! of these terminated 
■ intussusception, of which 34 were in the small intestine (14.0 per 
cent of lipomas and 42.5 per cent of those with intu.ssnsception). Since 
1 jjPout 275 ga.strointcstinal lipomas have i)een recorded in 
t/^"lUerature. Botsford and Newton (1941),'“ accepting Poston’s 
a basts, add fifteen additional eases of intussusceplion bv 
anajs's a tiiiomas, collected from tlie literature since 1934. 

gasiiu* cases from their clinic and mj' three eases, 

These, to about 100 cases with inlussiisee/ition (Table 

would bnng ' ^]iat the incidence in tlie small intestine is aj)- 

II). ° the entire gastro-intestinal tract, adding to 

■ proximately one-half tnai 



SCHOTTENFELD : LIPOMAS OF GASTROINTESTINAL TRACT 


61 


Poston’s tMrty-ionr cases of intussusception in the small bowel would 
bring the total to about forty-four cases. In short, of about 275 cases 
of gastrointestinal lipomas, about 100 (36.3 per cent) terminated in 
intussusception; 44 were in the small intestine (16.0 per cent of all 
lipomas and 44.0 per cent of all with intus-susception). 

Symptoms of Intussusception . — The acute intestinal obstruction ivhich 
intussusception produces usually requires urgent surgical intervention. 
The intussusception is progressive and differs from that in children 
where spontaneous reduction may occur frequently or may be I’educed 
i)y enemas. Intussusception may be the first indication that a lipoma 
is present in the intestine. It may be an exacerbation of previous 
attacks of beginning intussusception or the complete obstructive phase 
of a chronic intussusception. 

Pain, usually the first symptom, is sharp, constant, and severe and 
may endure for seveiul houi’s. It is usually defined in the right or 
left lower quadrant. It is followed shortly by colic as complete ob- 
struction sets in, which increases in severity as the l)owel makes frantic 
efforts to overcome the obstruction. Nausea and vomiting may be 
early in their appearance or delayed for several hours. With the 
sudden onset of obstruction, the vomiting is reflex, followed by a free 
period, only to reappear frequently when obstruction is established. 
Symptoms of shock are fairly frequent, but occur later as dehydration 
and hemoeoncentration develop. Distention comes on slowly and in- 
creases as the obstruction continues. Tenderness is present over the 
site of the intussusception, usually in both lower quadrants. Rigidity 
follows if peritonitis develops as the rc.sult of vascular obstruction, 
inflammation of the serosa, or exudation into the jieritoneal cavity. 
A ma.ss or a sense of resistance may be palpated if the abdomen is not 
too spa.stic or oiiese. It is situated near the uml)ilicus, is round or 
sausage-shaped and hard in consistency, the hardness increasing during 
attacks. Tenesmus may follow if the intususceptum has advanced to 
the left half of the colon. Blood and mucus will appear in the stool or 
on the examining finger as a rc.sult of the compromi.se of the circulation 
and the irritation of the bowel. If the invagination has proceeded to the 
sigmoid colon or rectum, the intussusceptum may be felt digitally. But 
in the majority of cases surgery is instituted long before simiptoms of 
peritonitis set in or the head of the intussusception presents it.sclf to 
llic examining finger. 


A better grasp of tlic mechanism of intussusception will l)e obtained 
if one imdei-stands its iialhogcncsis ba.scd on the physiology and e.spe- 
cialiy the muscular movements of the intestine. Thc.se are three in 
mimbcv; peristalsis, wliich follows the “law of the intestine" formu- 
late< by Buyhss and Starling in ISO!), segmenting contractions and 
pendular movements. The.se in turn are closely related to the neiiro- 
muscutar mechanism of the intestine with its myenteric ]dexus of .\uer- 
bach and the submucasal plexus of Meissner. These subjects are more 
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completely described elsewliere.'"’’ Various explanations have been 
promulgated to elucidate the phenomenon of intussusception. Best 
Imo'vvn are those of J. Fraser, Illingworth and Dick, Nothnagel and 
Mori’is, and Peyers and Leichtenstem. 


DIAGNOSIS 

The diagnosis of a lipoma of the intestinal tract is rarely, if ever, 
made. It can be ascei'tained only by laparotomy, neeropsj’', or if the 
tumor during the stage of intussusception either presents at the anus or 
is spontaneously expelled. Prom the sjunptoms and signs during the 
nonobstructive stage, without a tumor being felt one may hazard only a 
guess that partial intestinal ohsti’uction exists. A significant history 
of intermittent attacks of abdominal pain over a long period of time 
associated with signs of incomplete intestinal obstmetion may arouse 
suspicion. Even with the onset of acute obstruction one cannot attempt 
an exact pathologic diagnosis, even if a mass is palpated. In intus- 
susception in adults, too much reliance should not be placed on the find- 
ing of blood per rectum because this is found not as frequently as in 
children. The x-ray follovung a baxaum enema has been of some aid in 
demonstrating the presence of an obstruction, vuth a cupping defect 
showing where tlie intussusceptum projects into the bowel; a diagnosis 
by this means has been made by Raiford (1932),-“ Knoepp (1935),” 
Bonomini (1939),^“ Good (1941),'*® and Botsford and Newton (1941).'*' 
The x-ray, of course, is of value in any fonn of intestinal obstmetion, 
in demonstrating loops of dilated ileum or colon, or a filling defect at 
the site of the tumor, or the presence of an extrinsic tumor such as a 
subserous lipoma. 

The differential diagnosis at any stage of the sjTnptomatologj' must 
alwajm include the “joker” of the abdominal eavit}-, the appendix 
(Case 1). VBien the lipoma is situated in the right colon, it may simu- 
late a renal colic or tumor. When located high in tlie right upper 
quadrant either in the colon or small bowel, a peptic ulcer or biliaiy 
colic may be the first considered as a likely diagnosis. Other benign or 
cancerous grovdhs, either of the intestinal tract or in viscera adjacent 
to the 'growth, must be thought of. With the onset of obstruction, bowel 
strangulation, volvulus, or diverticulitis must be ruled out. The latter 
is known to occur in the cecum, althougli most often it is found in the 
left portion of the colon. 

PROGNOSIS 


The prognosis differs with the lyim of ca.se. It is good if no obslnic- 
• intussusception has occurred. Roth of these conditions greatly 
the mortality rate. The eventual outcome depends on the early 
increase jjponm ot any .stage of its dcveloiiment and on whet her 

diagnosis o • stage of inlu.ssii.sception. It will also depend ui)on 

it has gone on ,v. operative intervention, the recognition of ninlfi- 

the institution 0 • . sitrgical procedure which is elected, 

pie tumors, and tiic xj 
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Percentages for mortality rates vary. In the fifty-six cases of Stet- 
ten's series which caused symptoms, he reported 29 per cent deaths. 
Wiener and Polayes (1938)^= quoted 40 to 52 per cent mortalities, asso- 
ciating the higher rate with those cases in which the patients were sub- 
jected to resection. In Roan’s (1932)==® 100 cases of intussusception 
which were produced by benign tumois including lipomas, 28 per cent 
was the average mortality rate. Slirrolli (1929),"^ in his extensive re- 
rtew of cases which had come to resection, mentions 24.4 per cent as the 
death rate. Of the tlrree patients of my series which presented S3'mp- 
toms, in which resection was done, all recovered. 

In general, it may be stated that more deaths will occur in those cases 
wliich go on to intiissiiseeption, and tlic longer tliis complication has 
e.xisted the higher will he the morbidity and mortality because of the 
necrosis, gangrene, heraoiwhage, and peritonitis which may follow. 

TRE.VTJIENT 

Early surgei-y will lower considerably the high mortality’ which exists 
in this condition. Where a lipoma is knomi to exist, .surgery should be 
instituted, if possiide in the presymptomatie stage. At this time a sim- 
ple enterotomy with a local excision of the tumor may suffice. One may, 
however, elect to do a resection. In the absence of an obstraeted loop 
of bowel with its concomitant risks such a procedure can be performed 
with comparative safety. 

In chronic hitussusception, an attempt should be made to reduce this 
first. Failing this, usually because the loops are adherent, a resection 
of the entire inWssuscepted mass should be accomplished, unless the 
condition of the patient contraindicates such a procedure. 

The cases of acute intussusception present the greatest dangers. The 
results following operation will depend upon the individual case, the 
surgeon doing the operation, and the tj’pe of operation selected. Each 
case must be individualized as in any other branch of surgerj". In pa- 
tients who can easilj" withstand a major surgical procediu’e, one mar' 
pursue either of the following courses: (1) A reduction of the intus- 
susception followed by enterotomy and local extirpation of the lipoma, 
as recommended bj' Leclerc; (2) a reduction of the intussusception fol- 
lowed bj' I'escetion of that part of the bowel containing the tumor; (3) 
where it is impossible to reduce the intussusception it maj' be found 
ucccssaiw to resect the whole intestine involved in the intussusception 
with the tumor. 

Wlicrc a pi-imary resection is done, the tj'pe of anastomosis will de- 
pend upon the preference of the individual surgeon. Of the throe t.vpes 
eommonly employed, end-to-end. end-to-side, and side-to-side, I prefer 
the latter. When in doubt as to the identity of the tumor, benign or 
inalianant, it is usually better to rc.scet. 

In any procedure, two points must be kci)t in mind. Piint. multiple 
growths should always ho sought for; in the tension of the moment one 
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Jiiay fail to search adjacciif as well as distant loops of bowel for addi- 
tional groM'ths. Second, care should be exercised in suturing intestine 
that was part of an intussusception because of the edema and inflam- 
mation which are present. Injudicious use of suture material may cut 
through such bowel and result in leakage. If the bowel is too friable a 
simple exteriorization may be more discretionary and better surgical 
judgment, to be followed at a later date by a secondaiy operation. 

In bad-risk patients or those too sick to withstand any radical opera- 
tion, one must resort to less manipulative operations. First, an ex- 
tei’iorization of the entire intussuscepted bowel may be tried, including 
a generous portion of healthy intestine proximal and distal to the ob- 
straction. Second, a palliative enterostomj’" should be attempted only 
as a last resort because of undesirable sequelae such as hj'pohydration, 
demineralization, avitamhiosis, and skin excoriation, all of which may be 
difficult to control in spite of the usual measures employed to com- 
bat them. 

Finally, following the advice of Oughterson and Cheever, whenever 
any kind of tumor is discovered, no matter how benign its charactei, 
especiaUj^ if it projects into the lumen of the bowel, it slioiild be re- 
moved, since it always carries the threat of intussusception. 


CASE REPORTS 


case 1. — Eistory. — R. G., a vlnte married female aged 52 years, iias admitted 
to the Jeaish Hospital of Brooklyn on July 20, 1939. She complained of abdominal 
cramps vhich began fl\e hours prior to her admission. Shoitly after the onset the 
cramps radiated from the region of the umbilicus to the right lower quadrant. 
Three hypodermic injections of morphine uere given during this period iiithout any 
appreciable relief of the pain. Nausea and vomiting occurred only once at the 
time of admission. The cramps continued in spite of an enema giien alien the 
attack started. The pain and cramps gradually increased in seieritj up to the 
moment of operation. There had never been a prciious episode of this kind. Her 
appetite was not at any time affected. Her boiiel movements uere aliiajs regular. 
She had never noted any blood in her stools nor uere they black at any time. 

Family Eistory. — Irreleiant. 


Past Eistory . — Her menses began at 14 jeais and recurred regularly ciery 
tuenty-eight days but uere aluays accompanied by dj smenorrhoa. She had had 
oeieral children who uere uell. For thiiteen years prior to 1934 she suffered from 
metrorrhagia, a bleeding period occurring cicrj tuo ueeks. In rebruary, 19.34, 
she uas admitted to the Sfemonal Hospital in Nen York City, uherc a Hegar colpo 
• oplastv supracervical hysterectomy, bilateral salpingo oophorectomy, and ap 
^*"^4 tomv'uere earned out. The diagnosis uas myoma uteri and rectocclc; this 
confirmed by the pathologic evaminafion. Follouing this operation she under 
uent an artificial menopause. 

^ j £j-aynination. — E\ainination reiealod a moderately obese, middle aged 
who complained of abdominal pain but did not nppe.ar lery ill. 
woman, nturc un® 99.8° F. ; the pulse was Tl> per minute, regular and of good 

Her empc ,,prc 24 per minute, the systolic blond pr. ssure uas 170 

quality. di.astoln pressure uas mo nun. The pii/dls were almost 

mm. of mercury, . inyettions of niorpliine but re.iiled slightly to light. The 

pin point from tie „,pns. Except for a short systolic btou at the apex, 

lungs revealed no p.i ■ „),domcn “lioued a marked mliiiosity and moied well 

the heart wa“ norma . There uas moderate tenderness in the right loner 

with the respiratory excnrs.oa . 
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quadrant accompanied by spasticity and slight rebound. No masses were palpated. 
The liver, spleen, and kidneys were not felt. A rectal examination gave no further 
information. 

Urinalysis showed a trace of albumen. The red blood cell count was 5 million 
and the hemoglobin content SS per cent (Sahli). The leucocyte count was 11,000 
with 74 per cent polymorphonuclear cells (band forms 5 per cent), IS per cent total 
lymphocytes, and 8 per cent monocytes. 

The diagnosis made by the physician who sent her into the hospital and by the 
house staff was acute appendicitis. lYhen seen by me, the one fact which seemed 
impressive was the increasing severity of the cramps in spite of three % gr. doses 
of morphine. Absolute knowledge that the appendix had been removed at the 
previous operation was not available at the time. Although the history and the 
physical examination were very suggestive of an acute appendicitis, a diagnosis, of 
intestinal obstruction of unknown etiology was made. 

Operation . — Under N20-02-ether anesthesia the abdomen was entered through a 
right lower rectus incision. A large elongated mass presented itself. This proved 
to be an intussusception of the terminal ileum through the ileocecal junction up to 
the transverse colon. The bowel appeared viable. The intussusception was reduced 
with some difficulty. The terminal two feet of ileum appeared edematous. No 
compromise of the circulation was apparent. Two spherical firm tumors about three 
inches apart were palpated in the ileum about two feet from the ileocecal valve. 
Both appeared to be about the size of walnuts. The remainder of the abdominal 
organs showed no gross pathologic changes. A resection of the ileum containing 
the tumors was done, the ends inverted by a double row of purse-string sutures, 
the ends further sealed by portions of the mesentery, and a side-to-side anastomosis 
performed. The abdomen was closed in layers without drainage. The patient with- 
stood the operation well. The skin sutures were removed on the seventh postopera- 
tive day and she was dismissed from the hospital on the nineteenth postoperative 
day. Subsequent follow-up two years later showed her to be in good health and 
without any complaints. 

Pathologic Peport (Figs. 1 and 2). — Each tumor was made up of a mixture of 
fat cells, which comprised the greater part of the tumor, blood vessels, and fibrous 
connective tissue trabeculae which ramified throughout the tumor dividing it into 
large and small lobules. The cells for the most part were polygonal in shape, fairly 
uniform in size, and rvere represented by clear spaces surrounded by a very thin 
cobweblike cell membrane. No fat droplets were visible, having been dissolved out 
in the fixing process. The greater part of the surface of the tumor was covered 
by a thin layer. For some extent under this mucosal layer there was a portion of 
the muscularis mucosa. At the base of the tumor the inner round and the outer 
longitudinal layers of muscle were clearly visible. On either side of the base of 
the tumor was a portion of normal intestine; the transition between its mucosa 
and the thinned-out mucosa covering the tumor was very distinct. Under still higher 
power (Fig. 4) the fat cells and the slight amount of intercellular matrix and some 
signel-ring cells were clearly discernible. Some blood vessels caught in cross section 
and on a bins were fairly normal in appearance and well developed. The arteries 
were thick walled, due chiefly to the thick intima; the endothelial layer was intact. 

The diappiosis was multiple submucous lipoma of the ileum. 


This cime is unique in nuiny rc.spccts. It is extremely rare as the 
reporf.s in the litcriitiirc .show, and it is the only ea.se of its kind in the 
annals of our own ho.spital which, in a period of thirty-five venrs take in 
in roiiTid miiiiboi-s, 250,000 admissions, 150.000 operations and 4 OB'! 

.. .■™nll „( „„,1 complete i,„e.„i„„I ZIZ- 
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may f;n] to seareJi adjacent as well as distant loops of bowel for addi- 
tional growths. Second, care should be exei’cised in suturing intestine 
tliat was part of an intussusception because of tlie edema and inflam- 
mation which are present. Injudicious use of suture material may cut 
through sucli bowel and result in leakage. If the bowel is too friable a 
simple exteriorization maj' he more discretionaiy and better surgical 
judgment, to be followed at a latei* date by a secondary operation. 

In bad-risk patients or those too sick to withstand any radical opera- 
tion, one must resort to less manipulative operations. First, an ex- 
teriorization of the entire intussuseepted bowel may be tried, including 
a genei’ous portion of liealtly intestine proximal and distal to the oh- 
straetion. Second, a palliative enterostomy should be attempted only 
as a last resort because of undesirable sequelae such as hj’’pohydration, 
demineralization, avitaminosis, and skin excoriation, all of which may be 
difficult to control in spite of the usual measures employed to com- 
bat them. 

Finally, following the advice of Oughterson and Chee^'er, whenever 
any land of tumor is discovered, no matter how benign its charaetei, 
especially if it projects into the lumen of the bowel, it should be re- 
moved, since it always cari’ies the threat of intussusception. 


CASE REPORTS 

CASE 1. — History. — E. G., a vliite married female aged 52 jears, vas admitted 
to the Jewish Hospital of Brooklyn on July 20, 1939. She complained of abdominal 
cramps which began fiie hours prior to her admission. Shortly after the onset the 
cramps radiated from the region of the umbilicus to the right lower quadrant. 
Three hypodermic injections of morphine wore given during this period without any 
appreciable relief of the pain. Nausea and vomiting occurred only once at the 
time of admission. The cramps continued in spite of an enema gnen when the 
attack started. The pain and cramps gradually increased in seventy up to tiie 
moment of operation. Tliere had never been a prciious episode of this kind. Her 
appetite was not at any time affected. Her bowel moiemcnts were alwa.is regular. 
She had never noted any blood in her stools nor were they black at any time. 

Family History. — Irreleiant. 

Fast History . — ^Her menses began at 14 jeais and recurred regularly eierj 
twenty eight days but were always accompanied bi djsmeiiorrhea. She had had 
seieral children who were well. For thirteen jears prior to 19.34 she suffered from 
metrorrhagia, a bleeding period occurring eicry two weeks. In February, 19.31, 
she was admitted to the Memorial Hospital in New York Citj, wlicre a Hcgar colpo 
nerineoplastj-, supracervical In stercctonij-, bilateral salpingo oopiioreetom.v, and ap 
" 1 tomv werc earned out. The diagnosis was rajoma uteri and rcctocele; this 

^ confirmed bv the pathologic evanunation. Following this operation she under 
went an artificial menopause. 

T>J ! Eraintaation . — Evuiiiinatioii reiealcd a iiioderateh obesp, middle aged 
*^^who complained of abdominal pain hut did not appear lerj til. 
woman, pil.S" F. ; the piiNc was 7(i per minute, regular and of good 

Her emp were 24 ja-r iiiiniite, the sjvtolic blood preosure was 170 

quality. 1 dinstoln jiressure was TOO mm. The jiiquls were almost 

mm. of mercurj, a injections of morphine hut narted slightlj to light. The 

pin point from Eviept for a short sjstobe blow at the apex, 

lungs re\eaioa no p nI,dom(*n “howptl n innrKcd rmrl \wll 

the heart vra« norma* There wa** moch rate tenfIornt«s in the ng/jt loner 

j,.th the respiratory excursion . 
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Physical Exaviination . — ^Examination revealed a fairly Tvell-developed man ■who 
did not appear acutely ill. The temperature, pulse, and respiration were within 
normal limits. The pupils -svere equal and reacted to light and accommodation. 
Examination of the heart and lungs disclosed no pathologic signs. The abdomen 
was slightly distended but moved with the respiratory excursions. Slight tenderness 
was present in the right lower quadrant. No masses were palpated and no hernia 
was present. Operation "a as decided upon because of the x-ray findings. 



Fir. 5 (Case 2). The sessile character of this lipoma is evident; the transverse 

mucosal rltlKe.s of the mucosa arc somewhat smoother in the rcRion of the lipoma. 
The hcmorrhamc neciotic surface of the lipoma is shown. 

Operation was performed on July 26, 1938. The abdominal cavity was entered 
through a right upper rectus incision. There was no fluid in the peritoneal cavity. 
The liver, gall bladder, stomacli, and small intestine appeared normal. An intus- 
susception was present in the trans-ierse colon extending from its mid-portion toward 
tlic left for a distance of ahoul ••e\cn inches. The intussusception was reduced witli 
little difficulty. An intraluminal ma=s was found about six inches to tlio loft of 
tliD hepatic flexure with a dimpling m the .serosa oierlying the mass. The mass 
was felt to be aliout the sLe of a plniu. The mesentery involved in the intussus- 
ception was odeniatons and the \esscK engorged. Xo glands were felt in the meso- 
colon. The tr.snsxersc colon containing the tumor and six inches of bowel on each 
side was brought up into the wound and a Rankin eiainp applied to lioth limbs, 
which were then approximated by suturing witli hlacU sill;. The exteriorired loop 
was then resected and the wound was closed in layers around the resected loop. 

Pathciloijic J.Njiort fl'igs. 5 :m,l 6 ). — The mass in the traiis\crse colon measured 
9 by Ti cm. The «cros'i o\er it was freeh moxable. The ]X‘dicle of the tumor was 
6 cm. long by 5 cm. wide. The surface of the tumor was green and vcllow. On 
cut section the mass appeared to originate from the snhmucosa; it consisted of 
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tion. This can be accounted for only hj' the sliort time which elapsed 
between the onset of symptoms and operative inteiwention. The most 
interesting feature, which led to a diagnosis of intestinal obstruction 
rather than acute appendicitis, was the persistence of the cramps in 
spite of repeated doses of morphine. This bears out the experience of 
Zierold Singer (1936),=^ and Eusterman (1938),®= who for 

many years have utilized morphine as a diagnostic aid in various acute 
abdominal conditions. Zierold has presented data purporting to show 
that generalized spasticity and rigidity is a widespread response to 
cortical stimulation and takes place Avhen the sensory stimulus from the 
affected part is excessive and overleaps the bounds of the local spinal 
reflex which produces localized spasm and which occurs when the stim- 
ulus from the affected part is minimal. It is maintained that by ad- 
ministration of moi*pliine in sufficient amount to abolish pain, the 
extraneous cortical component- of the muscular spasm is removed leav- 
ing simply that element of rigidity affected solely bj' the spinal reflex. 
In this wa 3 ^ one can, mth a fair degi*ee of aceuracj’-, determine (1) tiie 
location of the point of maximum tenderness, (2) the degree of tender- 
ness, (3) the presence or absence of an abdominal mass, and (4) the 
local reflex spasticity and rigidity produced bj' the affected organ. The 
procedure to be emploj:ed is to obtain a preliminary history and do a 
physical examination. These are recorded. Morphine sulfate, gr. 1/4' 
or dilaudid, gr. ^o, is injected intravenousl.v. Disappearance of pain 
and relaxation are almost immediate, A more adequate history is now 
obtained and a more complete and satisfactory phj'sieal examination is 
then done, which the generalized tenderness arrd rigidity did not per- 
mit. Both sets of observations are therr correlated. 


The administratiorr of morphine to patients with acute abdominal 
conditions is contrary to the usual teachings oir the gi-oirnds that it is 
sirpposed to “mask” the phj’^sical sigirs. However, these workers, bas- 
in" their claim on thousands of cases over a period of j'cars, voiicli for 
this procedure. It must abvaj’^s be kept in mind that every ease is indi- 
vidiral and that the usual emphasis placed on the history and the clin- 
ical picture still holds. In mj- case the persistence of the cr-nmps was 
probably due to the increased tone of the intestine with spasm which 
the morphine produced. 


o History . — J. A., a white iiinn, ngcil -IS years, w.-is lulniittcd to tlie 

T wisli Hospital of Brooklyn on .Tuly 24, loaS. He coinphiined of nbdominal piiiii 
{ eo (lays’ (lur.ition. For five week.'! prior to admission he Ii.'id eoiiiidained of 
of t * colic Eight (lays before adiiiissioii lie wn.s iiwnkcned by nnn.“e(i nnd 
xecurren time.''. 11*^ went to the ho.«pi(al the following dny nt nliicli time n 

vomited fcries was taken and n diagnosis of n ncoplnsni in tlie trnns- 

gastrointes m* Poring thi.“ time he nn.s eonstiimted nnd tliis niternnted 

verse colon nn. nceke before he wom ndmitted he Iind lont nliont 

with bouts of three day.s tlio abdominnl pain.s Imd slowly inerea«ed over the 

fifteen pounds. nua'drants and were Iioth eramplike and rutting in nature. 
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continued until admission, at uhich time the %oniitus had a fecal odor. There were 
no bowel movements for fi\c days. During the past year she had noted an increas- 
ing moderate constipation and within the past two months had lost twenty pounds 
although her appetite remained good. There had not been any rectal bleeding, 
melena, or diarrhea. 

On physical examination she appeared acutely and chronically ill and was vomit- 
ing. Her heart and lungs showed no pathologic signs. The abdomen was distended 
and tympanitic. A mass was felt on deep palpation in the right lower quadrant. 
There was no tenderness or spasm. A diagnosis of intestinal obstruction, due to 
a neoplasm or intussusception, was made. Tlie patient was given a blood transfusion 
of 500 c.c. and taken to the operating room. 

When operation was performed an intussusception was found, extending from 
the ileum up to the hepatic flexure of the colon. After the intussusception was 
reduced a loop of gangrenous ileum 15 era. in length was found, involving also the 
mesentery of this portion of tlie howel. When, after twenty-five minutes of applica- 
tion of hot packs, the color of tlie bowel did not return, a resection was done and 
a side-to side, antiperistaltic, ileotransverse colostomy was done. The abdomen was 
closed in layers. 

The pathologic report sliowed a gangrene of tlie ileum with a polypoid tumor 
about the size of a small plum in tiie lumen winch on microscopic section showed 
it to be a lipoma witli liemorrliagic infarction. 

Her postoperative course for the first six days was good, after wliich she devel- 
oped a moderate cystopyelitis and shglit wound infection. Botli of these were 
treated with sulfatliiazole and sulfadiazine and she was discliarged from the hospital 
on her nineteentli postoperative day in good condition but with the wound still 
somewhat infected. 


In the three cases that follow, the lipomas were incidental findings 
during routine necropsy examinations. 


Case i.—Htstori/.—s. F., a 44 year old woman, was admitted to the Jewush Hos- 
pital of Brooklyn, on Feb. 20, 1042, because of abdominal cramps. These were first 
noted about eight montlis prior to adtins-ion, were generalized in character, some- 
what more pronounced in the upper abdomen, and associated with occasional bright 
red blood m the stools. The patient, though constipated, liad had bowel movements. 
After a complete investigation when this illness first started, no organic lesion was 
found but the abdominal cramps and voimting persisted and became more marked 
in the two weeks prior to admission. For the past eight months she had lost about 
thirty five pounds. The family Instory and past history were irrelevant. On phvs- 
‘cal examination the patient’s tenipeiature was lOO.O” F., her pulse 100 per minute, 
and respirations 20 per minute. She appeared chronically ill. The extremities were' 
cold; the heart and lungs were negative. The abdomen was slightly distended, A 
diagnosis was made of clironic intestinal obstruction duo to a neoplasm in the 
hepatic flexure. 


Course tn the JIosi„tal.—ih\ March 5, 1!»42. a pinch cecostoniy was performed. 
The cecum and •sinriU mtestnie «ere divtended. On Mtirch 12, 1942 her pul«e 
became rapid and feeble and vomiting persisted. The atidonicn was soft and dfs 
tended and tlierc was no at.iioimnal pain. She appeared acutely ill and her lips 
and nail beds were cyanotic, .mie expired the following day. 

I^boratoru /.xam, not, Mar.h 4. 1042. her urine sl.owcd a trace of 

cinToTnrT'snn'fmnl'''"'’'''' '“•'“''Klobm was SI per cent, red blood 

•t.Sf'n,nn 0 , Umtocyte count with .-,G per cent polymorphonuclear cells 

"Z. "T 

normal limits. Ivinum euoiiia on rdi. gs, ipig. revealed ; 

dilated sigmoid and transverse colon. An organic obstruction was thought to' be 
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lobules of fatty tissue. ^lici oscopically the section through the pedicle at the base 
showed a well-preserved nuico.sa. The lamina propria r\as infiltrated with small 
round cells, largo mononuclear cells, oosinophiles, and polymorphonuclear cells. In 
the submucosa and in the connective tissue between the muscle bundles there was 
infiltration with polymorphonuclear cells, small round cells, and large mononuclear 
cells. Some of the blood vessehs in the serosa appeared engorged. A preparation 
from the tumor consisted of lobules of adipose tissue covered in places by a net- 
work of fibrin in which were enmeshed polymorphonuclear and small round cells. 
Within the connective tissue septa which formed the lobules and in the walls of 
the vessels were similar infiltrations of cells. 



n-ic- 6 (Case 2). — Lipoma of transvcr.so colon. .Same as Pit: 5. only lipoma hn.s 
been cut sliowinn smootli iiomonenoiis > el]ow-w liite ailiiiose tlsmic. 


The diagnosis was submucous lipoma of the colon with necrosis. 

The patient was discharged from the hospital on Aug. ill, IfhtS, in fairly good 
condition and with the colostomy functioning. He was instructed to return within 
two weeks. 

Ti-as readmitted fo the hospital on Sept. 12, 10, 'iS, with the colostomy .“till 
1 - 'nrr On Sept. Ih, lil.'l'i, lie was again oiieratcd upon. The colosloiiiy was 
func Connell .'Utiirc. The woniid Iienled by pnrnnry union. The patient 

close w c ,.e\ moicmcnls. Upon leaiiiig the bospital nn nbiloniiiml belt was 

JlistoTii ^0. Ms* 57 \r:ir‘i, \\u‘* lo (Ik* 

C-vSK ^ witli <’om|tlainls of alMlnitiinal pain iin<l \omitinj; of 

fn/iJilv hi^tlorv nn*! pa**! lii'<tor\ wrrt* irrflexrint. 7 j\c 
fi\c fltira ion. nJ^Ioniinnl 


days 
cramp 


to 

Tof moderate seioritj. 


J’ro^r* ****1% o 'ornitinjj *'<*t in JuNt nrifl 
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4. An attempt is made to explain the growth of these tumors in the 
intestinal tract. Various pliases of the pathologic picture are described. 

5. A working classification is presented of tlie different clinical mani- 
festations which lipomas of the intestinal tract produce, together with the 
symptomatology of each tjTie including intussusception. 

6. The diagnosis and prognosis of the different aspects of this sub- 
ject are presented. 

7. In the treatment, special consideration has been given to those cases 
which terminate in intussusception. 

I wish to express my gratitude to Dr. Paul W. Aschner, Dr. Louis Berger, and 
Dr. X Rabinovitch for permission to use their cases in this rex’iew. Appreciation 
is also extended to Dr. Leo M. Davidoff, Dr. Paul W. Aschner, and Dr. Max Lederer 
for their helpful suggestions in reviewing this paper. 
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I>rr«‘ nt iv'nr tin' li.’iiiitif lii-tiir.-, Tlin-.- rn-itnlhv in Ui- ri;:!ii hyi^oi'hort- 

(Iriiilii nrrc nf (,■«» "(i.nc.. 

Aiitoi’.fi- [ TliiTi' wn- nil n>li-n‘i--nri'ii;i.m;i in tin- ri'-o nOin;: rnlon nilli 

nil '! nn tinti ; iilnTi in tin" ii'^'finlin" rolnn; n »v'irr)iij» r;tTriii/itiiri in Hn' 

"itli iin‘tn''tn’il« lo tlm ri'(;i'in'il Uni]>!i nii'ii'*; nml n fn' ul (•tirnmnnin. TinTC were 
|tn|vjni in the cnloiv ninl ffi'tnm iiinl n Kiitnniii'fiii'* lijinnin in tin' Irrin.'Jverre' colon. 

1(1 (lii.s cji.sc (lie Ii[i(iiiia <»(■ (he Iraii'iver.sL' eointi was, of eoiirse, of sec- 
ondary iiiiftorlanee in view of (ho imilliple enreinoina,s which wore prt-s- 
en(. .\n inti'reslin!» leatnro wliieh niiichf he nionlioned is that thi.s pa- 
tient ap]iaren(Iy siiowed a p:ener:il lentleney towards nmltiple tumor 
growths, l)0lh heninn and nialiirnanl. 

C.'Sr. 0. — //I’.tleri/, — ,1. S., II wliitc woninn .*>1 _vc:ir.“, wns nilinittcd to tiic 

iTcivish Ito^ipital of Itrooklyn on Aiij;. 1!7, VX'Tj. Kialit venrs jireviou«ly siie lind 
licptv nt Mt. fiinni Ifospilnl in Xi'iv Yorl; wln’re .sin; Imd n stricture of the rectum 
nnd n stenosis of tlio vna'ina, liotli on n sypliililic ici.iis. Her Wood AVasserm.ann 
was •! plus Imt the spinal tlniil was negative for syjiliilis. On admission to tlic 
.Tpivisli Hospital she complained of rectal diseharije for two years nccompnniod by 
vomitinp. fUie had the aiipearaiici' of heiiifj ill for a Ion" time. .An indefinite nms.s 
was felt in the lower jiart of the ahdoinen. A .sijjmoido.seopic exnniinafion revealed 
a rectal stricture und polyposis with po«silde malignant de"eneration. At operatioa 
there was found n lnr(;e ovarian cyst with chronic salpinpitis and tuho-ovarian 
disease nil nnittod toftetlier in a larfie ma.ss niut attached to the large bowel. Her 
condition hecame rajddly worse and she died two days after the operation. The nec- 
TO])sy disolo.sed chronic and acute colitis with slrii'tiire, diverticulitis with jierfora- 
lion, acute |ieritonilis, a polyp of the colon, and nuilliple submucous lipomas of 
the cecum and nsceinling colon. 

Case G. — Tlistorij. — K. C., a white woman aged u.o ycar.«, was admitted to the 
Jewish Hospital of Brooklyn on Xov. 15, lOUG. For twenty-fivo years she had 
bilateral inguinal hernias. Four hours before ndiuission, following a severe cough- 
ing spell, the right hernia protruded, became very painful, nnd could not be re- 
placed. Her pains and cramps increased and after taking a laxative these sjmp- 
toms increased. She was brought info the hospital where it was found she had a 
strangulated licmia. At operation the diagnosis was subst.antinted and after the 
release of the hernial ring the bowel appeared to assume its normal color but the 
appendix which was part of the hernia was markedly congested and was removed. 

A hernial repair was done. The jiathologic report showed an involution of the 
appendix witU hemorrhage and a liornial sac. The patient bled from the rectum 
on several occasions. She also had repeated asthmatic attacks. She finally developed 
thrombophlebitis and died on Nov. 29, 193G, two weeks after the operation. The 

nnsv disclosed a bilateral focal pneumonia, ulcerative enterocolitis, a passive 
stion of the viscera, a polyp of tho ascending colon, diverticula of the trans- 
'^erM and descending colon, and a lipoma of the ascending colon. 

SUMMARY 


Si-^ cases of intestinal lipoma arc presented, from the records of 
^ Te^visli Hospital, tlirec of tliem surgical, including my owm case, 
^ '^ 1 ' tlicr tliree wliere the lipomas were incidental autopsy findings, 

and the o l^atients recovered t\dtliout unusual incidence. 

The thice^ o literature on small intestinal lipomas is given. 

2 . A hue lev i^testitial lipomas is presented with emphasis on 

..a. c. 
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4. An attempt is made to explain the growth of these tumors in the 
intestinal tract. Various phases of the pathologic pictni’e are described. 

5. A working classification is pi'esented of the different clinical mani- 
festations Avhieh lipomas of the intestinal tract produce, together with the 
symptomatology' of each tjTie including intussusception. 

6. The diagnosis and prognosis of the different aspects of this sub- 
ject are presented. 

7. In the treatment, special consideration has been given to those cases 
which terminate in intussusception, 

I wish to express my gratitude to Dr. Paul W. Aschner. Dr. IvOuis Berger, and 
Dr. J. Rabinovitch for permission to use their cases in this review. Appreciation 
is also extended to Dr. Leo M. DavidofC. Dr. Paul W. Aschner, and Dr. Max L.ederer 
for their helpful suggestions in reviewing this paper. 
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RECTAL STRICTURE DUE TO LYllilPHOGRANULOlMA 
VENEREUM 

Treatment With a Sulfonaaiide and Prei Antigen 
Hommrd Robert Seidenstein, jSLA., M.D., New Rochelle, N. Y. 

(From the A^eta Sochelle Sosi > iial ) 

T HIS communication deals with patients treated for advance stric- 
ture of the rectum due to lymphogranuloma venereum. Beeause of 
the small number of cases few hard and fast generalities can be laid 
down in this work, hut many instructive points can he emphasized. 

Although a voluminous literature has appeared on lymphogranuloma 
venereum for over a decade, only recently did Kornblith* bring out 
the fact that about one-third of all cases of the disease heal spon- 
tanesously but that no cases of rectal stricture ever heal spontaneously 
without scar. Lichtenstein^ also noted this latter point, and it is this 
fact which adds worth to reports based on five cases. 

Recently numerous investigators have reported upon the efficacy of 
sulfonamides in this disease. Almost all have reported good results but 
it is significant that no follow-ups have appeared. It is also important 
to note that improvement has been symtomatic unth most strictures 
reported as remaining. IMentzor and Allen* remark that “recurrence of 
purulent rectal discharge and rectal ulceration usually follows discon- 
tinuance of the drug after vary ins; intervals of time.’’ Ilcrb and co- 
workers^ have reported jnost of the cases of complete disappearance of 
strictures, but from the time of their reports it is olwious that a con- 
siderable period for follow-up could not have been allowed. i^Iarino and 
associates'’ reported that the scar became more clastic, the inflammation 
disappeared, the raw areas healed, and tlie general health was better. 
They also strc.ssed strict hosi)italization for the control of treatment. 
Kennedy and co-workors" noted symtomatic benefit but no change in 
the rectal strictures. Grace.' in an excellent i)a])cr, .showed that pro- 
loi\ged treatment was necessary to en'ect “cure" in lo.ss than 40 per cent 
of the cases. He concluded that there was no relation between blood 
concentration and tiie ultimate therapeutic effect of these drugs and 
that the marked beneficial eficct .... sprinus from the virostatic 
efiect of these eiiemicals ui)on tile etiological agent of this disease." 
Stein'' repoi-ied a i-exci-sal of the khvi lest with sulfanilamide treatment 
for buboes due to lymiihouranuloma venereum as well as cure of tlie 
condition, farniel.'' on the other hand, concluded that sulfanilamide 
vasimt impressivi', but that Frei antinen was of value. 

ff,r itl* n. \UK 17. l^r.!. 
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Kornijlitli'" lias rcjiortccl <rood results with Prei antigen alone but 
now feels’’ that a eotnbination of Prei antifren and sulfonamides offers 
the best ojijiort unity for euro, a viewjioint shared by Costello and Cohen, ” 
whereas Yeomans” ur^es the iirofession to use sulfonamides as do Pal- 
mer and associates.” ^lartz and Foote’” recently used Prei antigen and 
diathermy combined with excellent results. It is apparent, therefore, 
that there is little unanimity of ojiinion as to the treatment of this 
disease even at the jiresent time. Pew men have combined the best 
characteristics of those methods rc|)ortcd as giving good results in the 
])nst, although jMathewsou’" had reported earlier that the most effective 
treatment was Prei antigen jilus treatment to combat secondary in- 
fection. 

MKTHOD 


When the first patient of this series was seen, reports of the efficacy 
of sulfanilamide were beginning to be published by Shropshear.” 
Sulfanilamide was started aecordinglv but there was a rapid fall in 
hemoglobin and its use was discontinued. Since neoprontosil* was 
thought to be ‘‘less toxic” to the hemopoietic system, that drug was 
substituted, and at the patient's demand for local treatment, retention 
enemas of the drug were substituted for oral administration. It was 
assumed that in this way a possible local action would be added to the 
general effect. It might be noted, too, that while instillations through 
a catheter were ordered by the doctor, the patient improved upon the 
method by using a 4 ounce rubber-bulb syringe; three 5 gr. tablets 
in one-half glass of tap water (approximately a 1 per cent solution) 
Avere used t.i.d. Later four tablets in 4 ounces of Avater Avere adminis- 
tered b.i.d. It Avas found that this X’egimen could be continued almost 
indefinitely in foiu' of the five patients, and that AA'hile ferrous sulfate 
ill 1 Gm. doses daily accompanied this medication, there Avas aetiiall.A" a 
rise in hemoglobin in spite of long-continued sulfonamide therapy. It 
should be stressed that the patients Ai'ere ambnlatoiy, being seen at the 
office, except Avhen they Avere hospitalized for study at the start of 


treatment. 

All of these cases occurred in young adult negro Avomen; all five of 
these cases had advanced strictures confined to the loAver S cm. of the 
•ectum (stressing again the necessity of x’outine digital examinations) ; 
ill five patients complained of “coiTuption” coming from the rectum 
*/• d'citino’ serosanguineous and sanguopurulent discharge); all had 
^ dA'sftincf’O” of boAvel movement ranging from constipation in 
"ou^b pencil-like stools, to alternating constipation and diarrhea, 
one, t patients had complete obstruction, althougli in one ea.se 

jVo?!e 0 1 pjjjjjo- Avas the diameter of the lead in an ordinary pencil 

the recta ’’I’ fluid stools Avere jAassed via a rectovaginal 

and practica J niticnts had been advised to have eolosloniies, and 
fistula, -fb ^ 

_ — , . f.irni^sliea by The AA’inthrop Chemical Co. 
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a consulting dermatologist predicted the need for colostomy in spite of 
of all treatment, although it urns at his suggestion that intravenous 
Frei antigen^' (mouse-brain type in increasing doses) vas hegim in the 
first case. Three of the five had at least one other proved venereal 
disease, a point also stressed by Kornblith. 

In following these eases it was noted that the first had by far the best 
results and since she was the only patient who had, up to that time, 
received Frei antigen, it was deemed advisable to give that treatment 
to the other four. Accordingly, they i-eceived eight intravenous infec- 
tions over a period of four weeks and one of these patients received 
a second course several months later. In the final evaluation it would 
seem that about 50 per cent of the improvement can be attributed to 
this source and aboi\t 50 per cent to the sulfonamide. Incidentally, 
Costello and Cohen’” have suggested that the rise of temperature fol- 
lowing the administration of Frei antigen intravenously might be used 
as a eonfirmatoiy test for this disease. Kornblith’ bad previously 
.shown several types of temperature reactions, and in this series these 
abei’ations and absences of the expected reaction were also present, 
thus making it, in my opinion, an extremely poor test of the presence 
of lymphogranuloma venereum. It might be noted in passing that the 
newer sulfonamides u'ere not used in the latter cases because it was 
deemed advisable to see fust how a single member of the group worked 
in several comparable cases especially in view of the more than satis- 
factory result in the first case. 


RESVI.TS 

The re.snlts of treatment in five similarly treated cases in this series 
range from good to poor, although every patient improved to some 
degree. One patient had a complete cure subfectivcly and obfectively 
for twenty-one months, and then suffered a recurrence of proctitis in 
a former area of infiammation although the “cured" strictime pre- 
viously present in another area did not return; a second was .sjunp- 
tomatically cured with obfoctivc imin-ovemcnt so marked that an ex- 
cellent surgeon has undertaken to attempt surgical cure of her recto- 
vaginal fistula; and the three others at ]ca.st have had no progre.ssion 
of their disease for over a year, ar-c symtomatically cured, and ob- 
jectively somewhat improved. Because of tlic recurrence in the case 
with the best results, no claim for even permanent arrest is tenable. 
.U1 of these patients, in spite of i)ersistent treatment, retain tlicir posi- 
tive Frei test, as reported by Kornblith,"' and at least two of the three 
tested retain high blood globulin values. 


luscr.ssiox 


1 am unable to explain 
period of time, ■‘melted" 

•inti.Uv Mieeii, ,1 


how a fibrous stricture, prc.sent for a long 
and finally disapiieared under this form of 
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combined tiicrajiy. From ii i)!ilholo}'ic viewpoint it would appear that 
the sear would remain even if extermination of the virus could he 
accomplished. In this case complete extermination of the virus was 
not possible but the scarriii" disappeared. In a much loss chronic case 
involving the pbaryn.x, Jlycr.soid'’ was able to report complete healing 
ot the mucosa by the use of Frci antigen alone, and sporadically others 
have reported “cures’' which evidently are meant to represent com- 
plete cures without resultant scars. 

When a case of rectal stricture due to lymphogranuloma venereum 
has been cured for twenty-one months and then recurrence of a proctitis 
occurs in an area ju'cviously showing only a transient inflammation, 
it is well to beware of optimistic prognosis. Although one of these 
patients had developed an almost complete stricture in fourteen months, 
and Grace" reported slight naiTowing of the rectum in less than three 
months, it is well to I’cmcmbcr that Lazzari-® and Vandermeer and 
co-workers'^ showed that it took many years for the formation of stric- 
tures, and it may be that long-time follow^-up of some of the reported 
cases will show recurrence of proctitis, followed b.y new stricture for- 
mation. Palmer and associates*** have shown the presence of the virus 
after prolonged periods, blasting Vandermeer ’s*^* premise that it is 
doubtful whether the virus is active in the old strictures. Kornblith,** 
too, found an abdominal gland showdng evidence of the active disease, 
thirteen years after the formation of a fibrous stricture. It is probable 
that the virus remains ])resent and active in the lymphatics and that its 
spread is via this channel. In the first case reported here, the recur- 
rence was at a level where the middle group of lymphatics gathers 
along the rectum. If, as seems probable, the virus can reinfect a pre- 
viously “ci;red’’ patient, it seems that the lasting immunit}^ mentioned 
b3^ Prehn-® is a m.vth. There is also a problem wdiich arises from the 
pirblie health aspect, since it appears that tlie discharges from these 
people are potentiallj' infective over long periods of time. 

D’Auno.v and von Hamm,*’” in their excellent review, stated that 
“pjmgens invading such ulcerated areas plaj' havoc in the altered 
tissiie strictures and establish foci of infection ultimate^ responsible 
for the fast downhill course of the patients affected with these lesions.” 
From m^'^ small series I am inclined to agree with them and I feel cer- 
tain that the sulfonamide iised here exerted its main influence ripon 
the secondaiy invaders, leaving the body defenses better fitted for the 
1' of combating the primary infection due to the virus. In this connec- 
^ it must be emphasized again that Kornblith* found that in npprox- 
• 1 ' one-third of the cases of lymphogranuloma venereum exclusive 

imate j ^ij.jgtiires, the bod.v can do an adequate job witliout the aid 
of rec a "(vhatever the explanation, T agree with Palmer and 

of the p i.t SJC ' mechanism of action, however, the 

associates. j sulfanilamide and it.s derivatives seems definitel.v 

therapeutic va r perhaps better results might bo brouglit 

established. 1 
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about tlirough its combination ^\lth Piei antigen tieatment, since e%en 
the ti\o combined, wlnle infinitely better than any previous treatment, 
leave much to be desired When compared to the alternative, a per- 
manent colostomy, I feel that the treatment outlined here is infinitely 
more desirable. 

COXCLUSIOXS 


1. The anorectal manifestations of lymphogranuloma venereum seem 
to be best treated by prolonged local and general sulfonamide therapy 
combined iiith at least one couise of Prei antigen intravenously. The 
fiist half can be accomplished liy letention enemas of azosulfanilamide. 

2 A rise in temperature following the injection of mouse-brain Prei 
antigen intiaveiiously is not a leliable test of the presence of lympho- 
granuloma venereum. 

3 The Prei test does not seem to be reversed after this tieatment, in 
spite of clinical impiovement and ariest of the pathologic process. 

4 Serum globulins appear to be increased in this disease 

5 No explanation is offered for the complete disappeaiance of a 
stiicture under the regimen dcsciibed here. 

6 In spite of complete local arrest there is evidence of continued 
action of the vims This conclusion may be of interest fiom a public 
health standpoint. 


C\SE 1. — B M, a light Kegro woman, aged 24 jears, was seen in the out 
patient department on Oct. 5, 1939, complaining of constipation. Digital examina 
tion showed an almost complete obstruction of the rectum and procto'copio e\ 
aininatiou showed the prc'ence of a strieture and “catarrhal proctitis.” Frei 
test was “weahlj” po>-itiie (four times the control, howeier, and lasted for 
manj weehs) It was repeated with the same result. She was admitted to the 
liospital on Xoi 1, 1939, with the following histori. For eight to nine months 
she had had increasing difBciilti m the pas=agc of stools These had been ribbon 
like and were passed onli with considerable strain. After a cathartic she easily 
passed liquid stools For some months prciiousU she had had bleeding and 
discharge (“corruption”) from the rectum, at times without relation to boivol 
moicmonts She had no tenesmus and little pain Four jears previoiish she had 
Iiad bilateral swelling of the inguinal glands but these had regressed without treat 
meat Two jears prciiou«lj an 51 D had told her that both manes were infected 
when she had had a laginal disch irge She h i<l neier had nnj lesions about the 
lull a or rectum and denied anj penerted se\ practices 


Phisied ewnniiation reioded an undomourished, ehronicallj ill woman, 5 feet 
four inches till, weighing 100 pounds Rectal examination revelled a complctch 
annul tr stricture 1 cm above the anu«, about one half inch long, scarceli ad 
milting the tip of the forefinger (about 1 cm in diameter). Anoseopic examination, 
on Xo\ (i, lo-o, showed this to be wlutish m color, fibrous at its base, .and 
gr imdnnvilous townnl the lumen There were some graniil itions down to the' amis 
and a few s^m tags On Xoi 7, 19 to. s„lfanil uiiide, I'l gr diilj, was started but 
w IS htiippul thri e dijs liter bei iiise of a drop of 1,000 000 m the R B C 
On Nov IT, 19 w, gisoxxgin .misthesu the strutiire w i- dilited with 

gri.huted nutal dditors and a me<liini< tl liaml .Idator, the strutiire w is broken 
up .oiii]i.t<l\ mil I rutil tube w i« ms. rted At tin- time a Inop-x w is I ihen 
wild was tei«irt.d as chrome mil imiiuitorj ti-sae s„jri.ostnc of Ixmphogrnmilonn 
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On No\. ]!l, tin* m till IiiIh- \mis iind n note st’itcd 

(Imt llie i-ilo WHS s,itisfnctf)t_\. On Xoi. L’d, JO.'ip, nu- units* of Trci antigen 
were giion intriiM'iiousIj iiiiil flii> pntiont c•^J^l•ri(>nep(^ licadachc anil fe\cr. On Nov. 
dd, 10,.!), anotlior iiijcitinn of ton units, and on Xtn. L’ti, still anotlicr of tacntj 
units was given. After tins injection the fever readied 101° F. in a few hours 
Bj N'ov. 29, lO.lO, the striiliiro was rotiirniiig hut tlie tissue was a little more 
elastic. A linnl note on the timrt was that the stricture laid rctnnied rapidU 
in spite of treatment. Lnhoratorj- data while in the hospital showed a dcfinifclj 
positive Fici tost, negative M’lisserinann, and a total protein of 8 d with albumin 
5.3, and globulin 3.1 jicr cent. The rest of tlic data was not significant, except 
for a hemoglobin of 70 per cent on disclmrgc. Her weight was 98 pound®. On Nov. 
30, she was started on sulfanilamide again, 90 gr. daily, and she had tlnrtv 

units of Frei antigen intravenously. On Dec. 3, 1939, she had forty units, on 

Dec. 9, fifty units, and on Dec. 12, .sixty units. By Dec. 9, hemoglobin was 49 per 

cent and the sulfanilaiinde was discontinued. On Dec. 5, there was a stricture 

band on tlie left but the lumen of the lectum was wide. On Dec. 12, there was still 
some iliscliarge and the sti icturo had re formed except for one small area. Under 
vigorous rectal massage the recurring stricture was broken up. Ferrous sulfate 
was then started in 25 gr. dosage dailv. Bj Dec. 30, the patient weighed 103 
pounds, the hemoglobin was 78 pei cent, and thiough repeated normal dilatations, 
altlioiigli there was some nariowing of the rectum, fheie was not a complete 
stiicture but merely man> tags of fibioiis tissue. On Jan 17, 1940, by which time 
there was again a renewal of the stricture, neoprontosil, 45 gr. dailj, bj means 
of three letontion enemas^ was started. On Jan. 28, 1940, the weight was 111% 
pounds and on Jan 31, 1940, the rectum seemed distinctly bettei than when not 
dilated for twelve dajs at any prcv’ious tune. On Feb. 9, 1940, she passed some 
bloody mucus for the last time. By Feb 24, her hemoglobin was So per cent 
and she stated that she felt better than she had for a year. Her bowels were 
normal, her appetite was good, and she weighed 114 pounds. At this time 
proctoscopy revealed an aiea of proctitis about 10 cm above the anus which had 
not been present twenty days previously. On Maich 20, she weiglied 116 pounds 
and was completely well except for some clear mucus at stool. By this tune she 
had had about 162 Gm. of neoprontosil and the diug was stopped since the rectum 


appeaved to be almost completely healed. On Apiil 6, 1940, tile neopionfosil was 
again resumed because it appeared that theie was some slight naiiowing of the 
lumen although no proctitis could be obseived By May 4, 1940, she had had 
84 Gm. additional of the diug and it was discontinued On July 20, 1940, she 
weighed 120 pounds and the rectum felt as it had on pievious examination 
Proctoscopically' the mucosa vvas completely healed, was not conti acted, was soft. 


and a tiny ridge, which had been felt with the finger, was unable to be seen. 
On Sept 7, 1940, she had a noimal rectum except for a “sentinel pile.” On Nov. 
J1 1940, and on Jan 14, 1941, the rectum appealed normal upon examination and 
her weight was 125 pounds Her Frei test was still positive in Nov. 1941, and 
at this time total proteins w ere 8 5 per cent \v itli a globulin 4 5 and albumin 4 0 
On JiJ* 25, 1942, B'® patient stated that she liad passed a drop of red blood 
her bowel movement although she had not been constipated. This was twenty 
" ontiis after any previous evidence of activity in a case wliicli was about 
one mo complete cure At proctoscopy on Jan 20, 1942, tliero was a 

to be rep goj^pjegtone like area 10 cm. from the anus at tlie site of a previously 
liyperplas ic This area was about 4 by 2 cm. and was on the right nntero 

mentione Die previous stnetuie vvas still normal and a consulting 

lateral wa . > the history of previous pathology saw nothing 

proctologist no < even after it had been called to his attention. 

resembhng a 

■ ,, _• TTrei antiscn (la'rtcile Laboratories. Inc), niousc-brnln 

• The therapeutic -as Vio ol the skin-test liosc ot thnt nwtcrlnl ns ib- 

suspension has been, '“;,^«,,.phanrnnuIorn.-.tous subjects 
termined for 



SEIDENSTEIX ; L'iMPHOGBA^XULOMA raXEKEUJr 


79 


Xeoprontosil ■s\a‘= again started as formerU and a Ijiopsj nas taken. Patli 
ologic<dl> tins sliowed signs of clironic inflammation. August, 1942, tins area uas 
completelj healed hut neoprontosil uas to be gnen prophylacticalh for tno ueehs 
eieri sK months 

This case illustrates that peimanent cure 4tas not brought about in 
spite of a result equal to any recorded m the literature and emphasizes 
the need for follow-up care. 


Case 2 — Z. VC., a Negress, aged ll rears, uas seen at the ofiSco on Dec 5, 1940, 
comphnning of inabilitr to move her bonds After an enema she got a result 
onl\ if the tip nas left in place and the flow was through it. She stated she had 
had two years of trouble dating back to August, 1919, at which time she noted 
rectal “bleeding” and nbbonlike stools In 1940, sbe had an opeiation (biopsy) 
following which she had “no control” orer a flatus or liquid stools She stated 
that she had had glands iii the groin lanced in 1912, with drainage of pus there 
after She had had gonorrhea treated with sulfaiidamide an! a 4 plus IVassennann 
treated for o\er a ycai , this was ctill being treated IMien the past histoi-y 
was inrestigatcA it was found that at the birth of a child in 1928 she had had 
swollen glands in the groin but these subsided gradually. On Aug 24, 19S9, 
she had been seen m the hospital clime because of prolonged pain in the rectum, 
constipation, and pus discharging in the anal region A fistula was found at that 
time eatcnding from the rectum through the i=chiorectnl fossa and onto the right 
buttock lateral to the lulva On Aug 2S, 1939, she was admitted to the hospital 
with a history of progicssuc constipation of one year’s duration, with no ilis 
charge e\ccpl from the fistula and relief of constipation only through enemas 
Rectal Gvamination at that time reiealod a rough, irregular feeling in the region 
of the spincter and about ?> cm ahoie the anus a smooth circular stricture barely 
admitting the tip of the index finger The Drci test was positiic as was the 
NVassermann It is interesting to note that although the temperature was normal 
throughout, it rose to lOI” F and sbe had a three quarter hour chill after the 
Froi antigen was injected intracutancously for testing. On June 2S, 1940, hiopsy 
from the striitiiro showed a nonspci ific chrome inflammatory process. Following this 
ndmissinii sbe deieloped iii ihility to lontrol fliitiis and liquid feces It nas later 
found that these escape 1 from the i.igmal orifiie Mil a rci toiaginal fistula. 

When seen on Dec i, 1040, sbe was ebroiiii illy ill Sbe weighed 12S pounds 
and was .y feet four and one b.df iiubcs tall Signifiiant findings included carh 
mitral insuflicicm y , rci toiagin.il fistul i, old he.iled fistula, a sav.ill walnut si/cd mass 
to the loft anil below the urothi i diaciiosod as inflammation of the pcnnrcthral 
glands and dints, and she had moderate elepliintiavis of the vuU i. Although her 
he nogloliin h nl hian 7s per i cut the yeir proiioiisU when m the IiO'pital, it was 
now 5(i per tent, the strii ture whnh hid been appioviiiialely 1 cm m diameter 
w IS now 0 \ to 11") 1 m and she hid i ihrimn proctitis tielow it with mam gr.imi] i 
tioiis and two skin tigs Her rei tiim and anal region were exqmsitoli tender on 
digit.d e\ immatioii The rediim o is dil ilc<l gridiiallj with the tip of the little fin 
gcr e\er\ other d ly , o\er i fonr week periol, and ncoprouto=d was gisen in I.") gr. 
ritention enemas tid Vt first most of it esiaped through the fistul i hut after 


a short tune most was retained by tbo ]>rnitiri of lying with the held Ion and the 
Vliighs togither from one half to one hour iiftor e ich enem i She had niiicty eight 
dais’ tn itnieat willi seieril sliort period- of risf (ibrte to scion diys) liei .uiso 
of dirriiii's and sai vH drops ui tlio h( mogloiiiu Tlirnughoiit this tune sbe was 
t ikiag \i to 2i (Tr. of ferrous siiU.ile daily and be iioglobiii w i- roiistanth below 
o 1 i-'r mil ill .Ian ion_ jpp rcilil nnioos i w.is iiin.li sniootlx r. Imnen was 
about 1 (111 ill dual, ter, and Ibe bowels were almost norm d as f tr as sbe was 
loiimmd Uy Marih J (be riitimi w i- about J i ii in diami ter, and 
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smooth; kIip Imd no difliculty. Wlipn psnniincd two weeks Inter it seemed that 
tlio stricture wiis eontmetiiif!’ thouRh there was no new jmfholo;^}’. At this time 
she was given Frei antigen intravenously in 3, 5, 10, 20, V.O, 40, 50, and CO unit 
doses from Aju-il 1 to 28. On July 10, 1011, there was no further progres- 
sion of the stricture and its diameter was 2..” cm. During the prcviou.s period 
sIio Iind resumed neoprontosil retention enemas, -10 gr. daily. She stated that her 
bon els were perfectly normal even without lubrication of mineral oil, she had had no 
bleeding or discharge, and she .stated that .«ho felt better than in many years. Her 
hemoglobin was now 75 per cent and her weight 1.87 pounds. On Oct. 3, 1911, 
she stated that she was normal but no examination was made since I did not 
want to e.xert even digital pressure on the remaining stricture for some time, 
feeling that it could not eontr.act adequately if it wore going to do so. A few 
days later, while on a visit to Xew York City, she was operated upon for a 
ruptured ectopic pregnancy at the Harlem Hospital. She had an uneventful course. 
In Docombor, 10-11, the Frei test was still positive, total proteins were 7.0 per cent, 
globulin .8.0 per cent, and albumin 3.7 per cent. When seen in March, 1942, her rec- 
tum was as it had been in Sej)tcndjer, 1941, at the last examination, in spite of no 
manipulation of any kind. At present there is still a coinpletelj- circular fibrous band 
present but this is more distensible than at any previous time and the normal 
lumen is 2.3 cm., wlucli is four to eight times larger than at the beginning of treat- 
ment. The wall is smootli and it is noxv proposed that tlie patient be operated 
upon for repair of her tiny- rectovaginal fistula. The vidva is of normal size and 
the periurethral mass is now only about 1 cm. in diameter. Wnssermann, too, is 
negative. 


Case 3. — H. S., a Negress, aged 30 years, was first seen in the ofSce on Sept. 19, 
1940, complaining of “corruption” from the rectum, pain, marked constipation, 
and intermittent diarrhea. She had been seen in the clinic on June 15, 1939, when 
she complained of bleeding from tlie rectum, present for some time. E.xamination 
at that time liad revealed a small nicer at the posterior commissure of the rectum 
about 3 cm. above the anus, many small bleeding internal hemorrhoids (?), and a 
small external liemorrhoid. There was no constriction of the lumen but she was 
advised to return for a Frei test. She was not seen again until Aug. 29, 1940 
(fourteen and one-half months later), at which time she complained of pain and 
bleeding on defecation. She stated that she had no normal movements and always 
required a cathartic. Digital examination at tliat time revealed an almost complete 
stricture of the rectum 2 cm. above the anus, the lumen being less than 1 cm. in 
diameter. There was exquisite tenderness and some bleeding on digital examination. 


From previous Iiospital admissions it was learned that in 1930, at the time of 
a delivery, she had a normal anus and rectum. Subsequently, she had an early 
miscarriage. In November, 1934, she had some swelling in the inguinal region. 
At this time, too, she had sharp vaginal pain and discharge and on Dec. 9, 1934, 
because of a small, walnut-sized mass felt in the cul-de-sac just to the left of the 
uterus and projecting against the rectal wall, she was operated upon for chronic 
bilateral salpingo-oophoritis. The specimen was reported as corresponding to the 
rative diagnosis and review at the present time Confirms that opinion. She 
I*^d° been admitted to the hospital on Sept. 4, 1910, for diagnosis. Biopsy showed 
tons tissue probably due to ly-mphogranulomatous venereum. The Frei 
granu 0 . WasBerraann was negative as it liad been on previous admissions; 

test nas posi 1 rectum showed Bacillus coli and nonhemolytic streptococci, 

and culture r essentially normal except for a iicmoglobiii of 5S 

aid "eight of pounds. 

. c t)t IP IPlPj revealed the picture described above. Tlie patient 
Examination cp . daily, by retention enema and a few days Inter iin- 

was given reported. The dosage was reduced to 40 gr, daily 
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and after one montli’s treatment the stricture was softer and would admit the 
largest finger with some effort but no pain. By Oct. 2S, 1940, the hemoglobin was 
70 per cent. Two weelcs later, because of diarrhea, medication was suspended for 
one week. Her weight was down to 93 pounds. On Dec. 3, 1940, the largest finger 
could bo inserted without difficulty and a month later she stated that her bowels 
were normal. At this time she took 30 gr. of neoprontosil by enemas daily. Weight 
was 98 pounds and she had a small amount of clear, raucous discharge. Her condi- 
tion remained the same until lilarch 24, 1941, at which time it was felt that Hrei 
antigen intravenously could be started with great profit. Following these injections, 
although there were no sj-mptoms, it did seem that the fibrous tissue was contracting 
once more, though the lumen of the rectum was 2.3 cm. in diameter. Accordingly, 
in June, a second course of Frei antigen was given along with resumption of neo- 
prontosil. Wlien last seen on Oct. 30, 1941, her weight was 110 pounds, there was 
no discharge, the bowels were normal, and she felt too well to return for further 
checkup. At this time the stricture composed of old scar tissue completely covered 
by normal mucosa still is responsible for a narrowing of the rectal lumen to a 
diameter of 2.3 cm., the size of the examining finger. 

Early in the course of her treatment, this patient remarked that a severe arthritis, 
which had limited motion in the right wrist, and had also involved the left elbow, 
had disappeared. She had suffered this difficulty intermittently for several years 
but it has not recurred since the latter part of October, 1940. 


Case 4. — E. D., a Tvegress, aged 20 years, was first seen in the outpatient depart- 
ment on Oct. 10, 1940, complaining of constipation and rectal bleeding of five years’ 
duration. External inspection was negative. Digital examination revealed a rectal 
stricture 8 to 9 cm. above the anus, too contracted to admit the tip of the middle 
finger. Tlierc was some sanguino-purulcnt discharge at this time. Six years pre- 
viously she had had an operation (appendectomy?) in the South and at that time 
had been told tliat slic had some rectal pathology. Inquiries directed to that in- 
stitution have not been answered. She was admitted to the hospital on Oct. 10, 
1940, and discharged on Oct. 17. In spite of a familial history of tuberculosis, the 
Mantoux test was rcpeate/lly negative as was tlie IVasscrmnnn. Tlie Frei test was 
read as negative by tlie intern but was positive when seen one month later. Wlien 
this test was repeated it was positive. At the time of admission she stated that she 
had liad pcncillikc stools for eighteen months. Biopsy was not done but clinicallv 
tlie stricture was typical of lympliogranuloma venereum and the Frei test seemed 
amply confirmatory. She was given the neoprontosil retention enemas treatment 
whicli was continued from Nov. 21, 1940, to April 3, 1941. At tlie end of that 
period slie was symptom-free Imt still liad tlie stricture, although tlie lumen was 
now about 2 cm. in diameter. She was not seen again until Sept. 11, 1941, at which 
time she had no constipation or pain but did have some serous discharge. Neopron- 
tosil was resumed and she was given a eourse of Frei antigen intr.avenouslv. She 
lias been completely symptom-free sinec that time and her stricture is now a fibrous 
haiiil of which the lumen is still 2 cm. in diameter and is complefelv covered bv 
mucosa. It may be noted that her Frei test was still positive and the albumin- 
globulin ratio, fourteen months after the start of treatment, was 3.S to 3.3. It i.s 
intended that she eoiitimie treatment by taking a two-week course of neoprontosil 
e\ery six months. 


(’\Kr. n.— , 1 . a Negre.ss, aged 24 years, was seen on Nov. 22, 1940, in the 
v\ar. , where she uas suffering from bilateral salpingitis. At the time of ndmi.ssion 
she liiul t.vencd several months of tintisypliilitie. tlienipy. Boiitinc c.vainination di.s- 
c osed a marked rectal stricture with a lumen of about 1 em. diniiieler, 5 cm. from 
le ivtcrmil S|.him-ter. A Frei te-t. performed on Div. P, ipjo. was positive Con- 

l'hv''rrio',o7!!‘'r '‘' 0 ''“"' •“■hlpi.V.tis and on 

t • , < nv^tuni wjis ihliitiMl iimlor iM'ntotiiiil PO'Vmm. At this time it 
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1 oO/, hIw /|(|(I Ilf, ^vii(>n oMiinincd tivo wooks Inter it tcemoQ tlmt 

c n nofnrp «;m (■ontrncfiti;' flioiii'ii {Imre wn>! no new jintlioioj^v. At tins time 
siQ wiiH Riven Frci untiRcii iutraveinwv};- in 1, .7, 10, SO, 00, -If), 50, .tti'l CO unit 
rorn .Vpril j )„ «g_ July If), ]S>t], tlierc wns no furlker pTO)^«S' 

•‘^^nVfuro atul <liainot<*r wa.s L'.n rni- During? tbo previous ]>crio(i 

• int resumed neoprnnto'.il roienlion enenins, 40 pr. daily. She stated that her 
I'crfoefly nonnni <>von witliout liihnVafion of mineral oil^ she had had no 
hnn ■'•'■d .she .stated lliaf she felt hetfer than in many rears. Her 

ir sSr" n T"' ’'«>• "•‘■■'/J’d i:’-" pounds. On Oct. 2, 19H, 

' . , 'I' * ^‘'irnial hut no oxuminafion wn.s made since I did not 

I’re.s.sino on the renmininR stricture for some time, 
rinva J ( eontraet adequately if jf were ROin^ to do so. -A fc'^ 

rnn#!, Visit to ATcw A^oik City, she wn.s oper.atcd upon for a 

y P'ORiianey at the Ifarlem Ilos))ital. She had an uneventfnl course. 

<rl } ^ "'** positive, total proteins were T.G per cent, 

fnm •’out, and alhtnniii .7,7 per cent. When seen in Alarch, 7942, her reo- 

nton' 'i <•** ^ heon in .‘'’epteiahcr, 1041, at the last examination, in spite of no 
*) ' s” ^ prc.sent there i.s still .1 comnletelv circular iilwous band 

} f >s more distcnsitdc than at any previous time and the normal 

Poor to eiRlit times larger than at the hegirming of treat- 
78 smooth and it is now proposed that the patient he operated 
upon for repair of her tiny rectovaginal fistula. The vulva is of normal size and 
the penurothral mass is now only about 1 cm. in diameter. Wassermaan, too, is 
negative. 

30 years, was first seen in the ofSce on Sept. M, 

^ ‘corruption” from the rectum, pain, markea constipation, 

and intermittent Siio had been seen in the clinic on June 15, 1939, when 

she com^ained of bleeding from the rectum, present for some time. 2 :.vannnation 
at t lat time had revealed a small ulcer at the posterior commissure of the rectum 
about 3 cm. above the anus, many small bleeding infernal hemondioids (?), and a 
small external homorrhoul. There was no constriction of the lumen but she was 
advised to return for a Frei test. Slie was not seen again until Aug. 29, 1940 
(foiiifeen and one-half months later), at which time she complained of pain and 
bleeding on defecation. She stated that sl.e had no normal movements and always 
required a cathartic. Digital examination at that time revealed an almost complete 
stricture of the rectum 2 cm. above the anus, tho lumen being less than 1 cm. in 
diameter. There was e.xquisite tenderness and some bleeding on digital esamination. 

From previous hospital admissions it was Icaincd that in 1930, at the time of 
a deUvery, she had a normal anus and rectum. Sub.sequently, she had an early 
miscarriage. In hTovember, 1034, she had some swelling in the inmiinal region. 

At this time, too, she had sharp vaginal pain and discharge and on'^ec. 9, 1934, 
because of a small, walnut-sized mass felt in the cul-de-sac just to tho left of the 
uterus and projecting against the rectal rvall, she was operated upon for chronic 
bilateral salpingo-oophoritis. The specimen was reported as corresponding to the 
preoperative diagnosis and review at the present time confirms that opinion. She 
had been admitted to the hospital on Sept. 4, 1940, for di.ognosis. Biopsy shoireO 
granulomatous tissue probably due to lymphograuulomatous venereum. Tho Frei 
test was positive) IVassermann was negative as it had boon on previous admissions; 
and culture from the rectum showed Sacillus coli and nonhemolytic streptococci. 

The rest of the examination was essentially normal e.xoopt for a hemoglobin of 5S 
per cent and weight of 9S pounds. 

E-xamination Sept. 19, 1940, revealed the picture described above. Tho patient 
ns eiven neoprontosil, 00 gr. daily, by refeorion enema and a few days later im- 
rovemeut in the discharge was reported. The dosage was reduced to 40 gr. d.aily 
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THE MURPHY BUTTON IN ESOPHAGOGASTEOSTOMY 

Laurence Miscall, il.D., and Bliss Clark, il.D. 

Neiv York, N. Y. 

(From the Second [Cornell] Surgical Division of Bellevue Bospital) 

T his report details the use of the Murphy button in tivo patients 
with carcinoma of the lower third of the esophagus subjected to re- 
section and primary esophagogastrostomy. The satisfactory results from 
extensive use of the button in intestinal resection on this division of 
Bellevue Hospital have been attributed to the belief that it prevents 
leakage at the site of anastomosis by insuring a tight but patent 
anastomosis until adequate adliesions form. In these two cases the 
button not only accomplished these important prerequisites but also 
facilitated operative anastomosis. The unfortunate death of one patient 
(H. C., Case 1) should not he attributed to failure of the button but 
rather to an error in the technique of the operator. Since this essentially 
simple method may have definite advantages in esophagogastrostomy, a 
review of the important points may be of value. 

Through a left transthoracic intercostal approach the esophagus was 
mobilized upward from the hiatus to just below the arch of the aorta. 
Through it the gastrocolic and gastrohepatic omentum and vessels on 
both curvatures were divided sufficiently to allow delivery, without ten- 
sion, of the fundus to the arch of the aorta. The esophagus was then 
divided from the stomach lictween clamps and the latter closed with 
interrupted sutures. ^Yith the esophagus retracted over the arch, the 
fundus was sutured to tlic thoracic wall and pleura at this level (Pig. 
1). These sutures were placed in the posterior gastric wall to allow later 
folding of the anterior wall around the anastomosis. About two and 
one-half inches above the tumor the posterior esophageal wall was ap- 
proximated to the anterior gastric wall by three interrupted silk sutures 
which were not tied at this time. A small intestinal clamp was then 
placed above tlicse across the esophagus, which was then divided between 
clamps just above the tumor. Roughly one inch of mobile esophagus 
below the above untied silk sutures is needed for easy insertion of the 
button. A purse string in the anterior gastric wall, at the point to which 
the esophagus easily reached, was tied snugly ai-ound the neck of the 
inserted button which is retained in place by a heino.stat (Pig. 2). An 
over-and-over running suture in the edge of the oi)en esophagus was rcin- 
forcetl by a ligature to retain the button (h'ig. 3). The first silk sutures 
were now tied aiid the buttoti closed. The anterior iiastric wall was then 
sutured around the anastomosis by approximating line C-C atid D-1)'. 
Tile closure was eompleted by inlcn ui>ted sutures circumferentially ap- 
proxiii ialiiig the esophagus to the upper border of gastric serosa (Pig. 4). 

for luildU'Ttion. Orl. 13, I»I2. 
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found tliat tlicro worn nmiiy nrotia of jiroolifis iiiid grnmilution from 2 to ."I cm. 
above tlie .stricture down to tlie aiiii.s. 'J’liat evening tier temperature ro.se to 10iA° 
F. and tliereafter, for ten dayi.-, tbere wa.s eonsidendde spikinp each day. At tlic 
end of tlii.s jmriod .slie permitted tlie lieeiiminfj of treatment I)y ncoprontosil reten- 
tion onenuus. She leturned to the ofliee after almo.st a montli’.s lapse and after only 
one weeh '.s treatment. ^VIlen .seen on .Tan. !>0j ftlll, tlio reetal mucosa wa.s much 
.smootlier, the j)roctitis markedly better, and .she did not want further tre.atment, 
ttltliough .she was prevailed upon to treat herself for ten days. In six weeks she 
returned for oiRht intravenous injeetions of Frei antigen, 1 to GO units, H'lien 
.seen on July 15, 1!)-H, the lumen of the rectum was still as wide as normal but 
there were many granulations and a moderate amount of purulent discharge, a con- 
dition still present on Sept. 15, 10-11. In view of previous experiences I feel that 
the failure of this stricture to re-form promidly after dilatation was due to the 
treatment instituted. I feel, however, that treatment has been inadequate and that 
ultimately the stricture wilt recur. 
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Lnhorntunj.—\y. B. C., ti.nOO; R. B. C., 4.000,000; HI).. 00 per cent; normal 
(lifTorontial; \Vas-.t'riiiiiiin, iio^jatuo; N.P.X., O.I; Wool Misar, SI; urine repeatedly 
nepitne. Stool had been ne;;ati\e for Wood on many oeea«ion'-. E'-opha;;of;r.im 
Miowed a per.'.i'.tent filling defeet of the lower tliiid of the e'-opha;pis reported a-- a 
probable eareinoma. Biop^i showed transitional tell epithelioma. 

Opinitioii was done .Ian. 20. 10)2. 

I’alhnloiiy . — The lower third of the esopha;;us eontained an annular hard mass 
(0 by 1 cm.) with a few olwious metastases in the nodes alon" the aorta and in the 
trastrohepatie omentum. 

I’rvciilini . — fader e_\elo])roi'ane anesthesia the .“kin was suitably prepared and 
tin intereostal ineision between the seienth and eighth nbs wtis male from the eostal 
margin to the spine. The esopha"us was mobili/cd upwards from the hiatus after 
• arefiil limitum of its \essels This was eontinueil to just below the tireh of the 
aorta. The diaphragm was ineiseil raitiallj from the hiatus. The stomaeh was 
mobili7)al b\ diMsiim tiiid li;ration of the onientuni and \es«el' ineludiii;; the left 
ttastrte arter\. spleiieetomj was nia-e—ary bwau'e of adhesions to allow delivery, 
without tension, of the fundus to the arch of Iho aorta. The esophagus and stomach 




DESCEMO/NO aorta 




Fig. 2. 
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wound cleared up well, temperature receded, and the patient was able to take fluids 
without pleural leakage. In five days lie took a soft diet. On liis thirtieth post- 
operative day, an infection of a decubitus ulcer spread rapidly and he died on his 
thirty-sixth postoperative day. Until shortly before his death he was able to take 
fluids and semisolids without any evidence of pleurogastric fistula. 

C.\SE 2. — B. A. (No. 31705) was admitted to Belle%Tie on June 9, 1942, with a chief 
complaint of inability to swallow. Ten years before he was treated with digitalis 
for two months for a nervous heart. Since then he has never had any symptoms until 
dysphagia began three months before admission. This gradually increased until he 
was admitted unable to take even liquids. 

Physical examination showed a chronically ill, emaciated white man, about 55 
years of age, with a weight loss of thirty pounds. Through a Levin tube the patient 
was receiving liquids. The heart was slightly enlarged to the left with an apical 
systolic murmur and irregular rhythm and blood pressure of 130/70. 

Lahoratory . — Temperature and respiration normal; pulse, somewhat irregular; 
R. B. C., 5,000,000; Hb., 90 per cent; IV. B. C., 8,000; normal differential; IVasser- 
niann, negative; urine, negative; N.PJ^., 2G. X-ray study of the esophagus with 
barium showed an obstructing lesion of the lower third of the esophagus. 

Operation was performed June 12, 1942. 

Pathology . — A stony hard lesion approximately the size of a walnut was present 
in the lower third of the esophagus about one inch above the hiatu.s. There were 
several discrete stony hard nodes below the diaphragm but the liver was free of 
mefastases. 

Procedure . — Silk was used exclu.sively in doing the same procedure as in Case 1. 

Postoperative Follow-up . — The patient had a very satisfactory postoperative course. 
His temperature rose to approximately 101° F. for seven days, then subsided to 
normal by the thirteenth postoperative day. The white count rose to 13,000 but also 
returned to normal. Scrosanguineous drainage from the chest rapidly decreased and 
the tube was removed on the sixth postoperative day. The sutures were removed on 
the .'seventh and ninth postoperative days with primary union. The patient took 
sips of water on the second postoperative day. The fluid intake was graduallv in- 
creased and by the seventh postoperative day he was taking the routine semifluid 
diet given during gastric resections. The Murphy button remained fi.xed in the 
esophagus until the sixteenth postoperative day when it passed into the stomach. 
On the twenty-first postoperative day the patient was taking a soft diet with no 
diflieulty in swallowing. He was allowed out of bed at this time. The Murphv button 
was still at the antrum at discharge on his thirty-second po.stoperativc day." 


SUMJIAUY 


III tlie.se two eases a satisl'aetory e.sopliagogastrie anastomosis was ob- 
tained using tile )iliir]iliy button. One death oceurretl from extrapleural 
ini'eetion. 


If the button is used, its line of anastomosis should be reinforeed bv 
adequate sero.sal eovering which Is easily done by the described method 
without tension at the site of suture. Silk sutures throughout are prob- 
ably necessary. The button not only provides a tight, nonlcaking anas- 
tomosis while adequate adhesions form but also insures n patenriumcn 
which allows early oral administration of fluids. The spontaneous open- 
ing of the stomach which had been closed with catgut (Ca.so 1) empha- 
sizes the imiu.rtance of adeiiiiate closure, which can probablv best bo a”c- 
roniplislR'd ^vith thti oxohisive use of silk snturt's. 
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«<'ic (Imrli'il Ii('hV('('ii clairijis (tiirl (lie pustric opening closed witli two layers of cat- 
gut. lliiee .sillt sutures weie placed but untied to approximate the posterior e.so- 
plingeal wall to tlie anterior wnll of (lie s(onuich at it.s higlie.st ]<oint. An intestinal 
il.iinp was placed above the level of these sutures and the tumor excised between 


two other clamps. A pur.se-string suture of medium silk was placed in the anterior 
gastric wall at the point to which the lower end of the esophagus reached easily. 
I his was tied snugly around the neck of the button which had been inserted into the 


stomach, and retained in place by a hemostat. An over-and-over running suture in 
(lie edge of the open esophagus and ji second ligature were tied .snugly around the 
other half of (he button. The three si/k sutures were then tied and the button closed 



Fig. 4. 


tightly. The anterioi ga.stric wall was then sutured over the site of anastomosis in a 
Ar-shaped manner and to the esophagus with interrupted silk. Sulfanilamide powder, 
5 6m., was sprinkled in the chest wliicli was drained through a small stab wound. 
Two silver wires approximated the ribs and flic wound was closed with interrupted 
silk. The left lung was expanded and an infusion of t,000 c.e. of 5 per cent glucose- 
saline was given on the table. He was returned to the ward in good condition, 
placed in an oxygen tent, and the tube connected for closed drainage. 

Pollow-tip- The patient’s immediate postoperative course was satisfactory, oial 

fluids being started on the second postoperative day. On the first postoperative day, 
430 c c of fluid and 15 c.e. on the .second postoperative day were removed from the 
host Culture of this showed no growth. On the sixth postoperative day when 
let Cl.- x-ray showed a liydropneumotiiorax and oOO c.c. 

the empe purulent fluid were aspirated. Closed drainage was instituted and 

of foul s drainage on tlie eleventh postoperative day, when, with methylene 

followed bj op fistula was demonstrated. On the thirteenth postoperative 

blue, a pleura fe- found that the closure of the c.sophagonl open- 

day the chest was Mown out. This had been repaired with catgut. It was rc- 
ing in the stomac i ' interrupted silk sutures and a transfusion of 500 c.c. of 

closed with three ajcrs anastomosis was tight and patent. The chest 

yrhole blood was given. The 
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facts liave shaken profoundly our belief in the role played by the diminu- 
tion of renal blood flow in the intrinsic mechanism of arterial hyper- 
tension. 

The purpose of this studj* was, therefore, to cheek whether and to 
what degree the ischemia of renal tissue shares in the production of 
hypertension and, if not, which other faetor can be made responsible 
for the appearance of high blood pressure. This study was carried out 
in the Institute of Experimental Surgciy of Caracas, a legacy of a dis- 
tinguished Spanish colleague, the late Slanuel Corachan of Barcelona, 
who with the aid of its present director, Herman de Las Casas, founded 
tills Institute and to .ivliose eourtesj" we are indebted for the primlege 
of utilizing its facilities. 

Method . — In order to establish which part the renal ischemia plays in 
creating arterial hj'pertension, we considered the effect of venous con- 
gestion from the point of view of the blood pressure in experimental 
animals. As is well known from numerous clinical and experimental 
studies, as well as from the paper recently published by Linton and his 
associates,' venous congestion increases considerably arterial flow to the 
ischemic as well as to the normal tissue. In view of this fact, and the 
widely accepted tlieory that the renal ischemia is responsible for hyper- 
tension, it could be a priori taken for granted tliat passive congestion 
following venous obstruction should eliminate renal ischemia resulting 
from constriction of the renal artery and in fliis way have a beneficial 
effect upon essential hypertension. This is not the case, as can be seen 
from our graph based on the experiment with Dog No. 69, which only 
confirms the results already obtained by other authors. Thus, it is well 
known that j)artial venous obstruction not only does not influence ar- 
terial hypertension in a favorable direction but, on the contrary, can 
he considered as one of the most rclialilc means of creating experimental 
hyi)ertension and in this respect can be ])ut neaily on the same level with 
constriction of the renal arteries (Wci.ss^). The next step was to find out 
what faetor is common to two quite opposite procedures fi-om the point 
of view of arterial inflow like arterial or venous constriction. This de- 
nominator common to two so widely different procedures was, as found 
by us, only an increase of the venous pres.sure in relation to the pres- 
sure on the arterial side of the kidney. Such a relative and absolute 
increase of venous pro.s.surc is quite obvious in ease of constriction of 
the renal vein. But if the pressure on the arterial side of the kidnev 
becomes diminished through elainping of the renal artery, it is also 
clear that the venous runofi’ is diminished and venous pressure increjised 
in relation to tin; arterial j)re.ssurc, or vis a tergo, among other filin'^, 
also because the arterial pulsation assists the movement of blood in cer- 
tain Veins, as shown by Sehade and ^Vohlleben.'' In both eases there- 
fore, i.e., iifti-r arterial or venous constriction has been ju-odnecd, the 
pressure difference on the tra.iectory arteriohs, capillaries, and vennles 



RENAL CIRCULATION AFTER THE COi\IPRESSION OF RENAL 
ARTERY ACCORDING TO THE JIETHOD OP GOLDBLATT 


Study ok tiik Ixfluenck of the Rekal Vexous Ruxoff Upon 
THE Exi*erimektal Hypertexsion 

Prank P. Corrigan, ]M,D., Cleveland, Ohio,® and 
Ignacy Pines, JI.D., Warsaw, Poland® 


T he present iieriod in tlie stud.y of essential hypertension was opened 
by famous experiments of Goldblatt, Lyneli, Hanzal, and Siimmer- 
ville,' who once again lirought to the fore tiie so-called I’cnal theory of 
hj^pertensive disease. These observers pi’oved definitely that the moder- 
ate compression of one 'renal arteiy of a dog leads to temporary hyper- 
tension, ivhereas the compression of both renal arteries is accompanied, 
as a rule, by an immediate rise of blood pressure peisisting, for prac- 
tical purposes, indefinitely. Simultaneously, or a little later, other au- 
thors have stressed the value of these experiments bj^ showing that in 
human cases of arterial hj'pertension tlie same constriction of renal ves- 
sels can be demonstrated in the majority of eases. 

However, in spite of this eonsidei'able progress made in the study of 
experimental and clinical liypertension, many parts of the mechanism of 
appearance of this sj’udrome are still in doubt. To begin with, even 
the simple fact of renal ischemia, depending ujjon the constriction of 
the main renal artery by tlie maneuver of Goldblatt* or because of the 


atherosclerotic alterations of the renal arteries in man, is questioned 
from many sides. Some, like Steiner, Weeks, and Barach,” have shmvn 
on experimental animals as weU as on human beings with arterial hyper- 
tension that the degree of the saturation of blood bj" oxj’-gen has no in- 
fluence upon the elevated level of blood pressure. Others, like Corcoran 
and Page,^ have established that the pei-sistent In-pertension depending 
npon renal arterial compression or compression of the renal parenel^'ma, 
as in perinephritis, may occur without changes in' the renal clearances 
of diodrast, phenol red, innlin, or urea and without alterations of tubu- 
lar, excretory, and rcabsorptive capacity and, therefore, probabl}’’ in the 
absence of ischemia of excretory renal tissue. Finally, still othei’s have 
brought indirect proofs that arterial hypertension does not depend 
upon the renal ischemia, by demonstrating that repeated attempts to 
treat experimental or human Iij-pertension by creating an effieient col- 
lateral circulation arc nearly always nnsuccesst'nl (Mansfield and as- 
sociates,* Brugcr and Carter,® and De Takats and Seupham”). These 
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facts have shaken profoundly our belief in the role played by the diminu- 
tion of renal blood flow in the intrinsic mechanism of arterial hyper- 
tension. 

The purpose of this study was, therefore, to check whether and to 
what degree the ischemia of renal tissue shares in the production of 
hypertension and, if not, which other factor can be made responsible 
for the appearance of high blood pressure. This study was carried out 
in the Institute of Experimental Surgery of Caracas, a legacy of a dis- 
tinguished Spanish colleague, the late hlanuel Coraehan of Barcelona, 
who mth the aid of its present director, Herman de Las Casas, founded 
this Institute and to whose courtesy we are indebted for the prmlege 
of utilizing its facilities. 

Method . — In order to establish which part the renal ischemia plays in 
creating arterial hj’pertension, we considered the effect of venous con- 
gestion from the point of view of the blood pressure in experimental 
animals. As is well known from numerous clinical and experimental 
studies, as well as from the paper recently published by Linton and his 
associates,' venous congestion increases considerably arterial flow to the 
ischemic as well as to the normal tissue. In view of this fact, and the 
widely accepted theory that the renal ischemia is responsible for hyper- 
tension, it could be a priori taken for granted that passive congestion 
following venous obstruction should eliminate renal ischemia resulting 
from constriction of the renal artery and in this way have a beneficial 
effect upon essential hypertension. This is not the case, as can be seen 
from our graph based on the experiment with Dog No. 69, which onlj’- 
confinns the results already obtained by other authors. Thus, it is well 
known that partial venous obstruction not onlj* does not influence ar- 
terial hypertension in a favorable direction but, on the contrary, can 
be considered as one of the most reliable means of creating experimental 
hypertension and in this respect can be put nearly on the same level with 
constriction of the renal arteries (Weiss®). The next step was to find out 
what factor is common to two quite opposite procedures from the point 
of view of arterial inflow like arterial or venous constriction. This de- 
nominator common to two so widely different procedures was, as found 
by us, only an increase of the venous pressure in relation to the pres- 
sure on the arterial side of the kidney. Such a relative and absolute 
increase of venous pressure is quite obvious in case of constriction of 
the renal vein. But if the pressure on the arterial side of the kidnev 
becomes diminished through clamping of the renal artery, it is also 
clear that the venous runoff is diminished and venous pressure increased 
in relation to the arterial pressure, or vis a tergo, among other thino-s, 
also because the arterial pulsation assists the movement of blood in cer- 
tain veins, as shomi by Schade and Wohlleben.'’ In both cases, there- 
fore, i.e., after arterial or venous con.striction has been produced, the 
pressure difference on the tra.iectory arterioles, capillaries, and venules 
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would diminisli and probably bring with itself a concomitant stasis in 
the renal capillaries. 

Taking all of these factors into consideration, we desired to examine 
the possibility of arterial hypertension being dependent upon the rela- 
tive increase of local venous pressure as compared to the pressure on the 
arterial side of the kidney. We sought then to increase the venous 
runoff and to diminish the venous pressure after the Goldblatt^ maneuver 
had been performed. In order to accomplish this purpose, we elevated 
the kidneys sufficiently to straighten the course of the renal veins. This 
added the force of gravity to the vis a tergo in certain positions of the 
animal, prevented the collapse of venous walls, and also, by establish- 
ing a closer contact between the renal vein and arter 3 ", increased the 
effect of arterial pulsation upon the movement of blood in the renal vein. 
This procedure was applied onlj' to animals that had developed hypei’- 



Fig. 3. 

tension and in the following waj's: (a) In the first group (Dogs 39, 
54, 60, and 68) to the kidncj-s whose renal arteries were previously con- 
stricted; (b) in the second group (Dogs 32, 44, 48, 70, 72, and 73) to 
file intact opposite kidney with simultaneous ligation of the renal artery 
so that lioth renal arteries were ligated and only one kidney was elevated ; 

(Dog 14) to the intact opposite kidner’ 
without ligating tlie ipsilateral artery so that one renal artery was ligated 
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am 1 1C opposi'fc kidney elevated in the inanncr alread}' described. In 
a eases, as can he .seen from the graph.s, there ivas a marked fall of 
) 00 pics.surc. TJie.se results were particularly striking in the second 
poup (b) in ndiieii, following consfrietion of both arteries, a further 
increase of blood pre.ssnre could be expeeled. 



Fj& s. 


Surgical Procedure . — Tlie first step of the opei'ation was relatively 
simple, consisting of a diagonal incision about S cm. long beginning at a 
point at the juncture of posterior and middle thirds of the last rib and 
extending downwards and inwards at an angle of about 45 degrees 


roughly parallel to the fibers of the external oblique muscle. The trans- 
verse cutting of muscles was not always avoidable but was minimized 
as far as possible by using a musele-splitting technique and dry dissec- 
tion The peritoneum in the dog should be handled carefully in order 
not to open it and thus make more difficult the retroperitoneal approacli 
the kidnej*. The kidney, exposed by separating the peritoneum from 
° oostparietal wall and overlying structures, urns brought into view 
^ u rffed from its bed, and in the finsf in.stanee the renal artery was 
^ 3 .^vay as to reduce its caliber to about 60 per cent of 

tied oft lu s instances it was not necessary to deliver Die 

normal ptration with a linen ligature was made in situ, 

dfsturbance ""of the organ from its normal position. The 
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closure was made in the usual orthodox fashion hy layers. The mortal- 
ity and morbidity were relatively low, being markedly higher in the 
reoperation of animals that had developed blood pressure of over 200 
mm. of mercury. The results of the primary ligations were quite uni- 
form and in line with previous experimental and clinical evidence. Ele- 
vations in blood pressure of 100 mm. or more were secured in each case 
of successful partial occlusion of the artery. The whole appearance 
of the animal changed; the nervous system became more excitable and 
it was manifestly more animated than before. 



Fig. 10. 


This observation of the well-known fact of the elevations of blood 
pressure by ischemia of the kidney was demonstrated as a preliminarv 
step only. The next step in the experiment was one in which we were 
treading on new ground and for which a technique had to he devised. 
The desideratum was an increased runoff. There were also two steps in 
this stage of the investigations. In the first series, the animals whose 
renal arteries had already been subjected to partial oeelusion were 
freshly exposed on the same side. The kidney was dislocated and fixed 
to the parietal wall with the lower part of the kidney about on a level 
with the lower edge of the last rib and with an average distance of re- 
moval of at least 5 em. from its previous position. Nothing was done 
to the ligated artery except to establish the faet that it was function- 
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and tile oiiposiic Kidney elevated in tlic manner already described. In 
a 1 rases, as can be seen from the graphs, there was a marked faU of 
) 00 piessme. These results were particularly striking in the second 
poup (b) in wJiich, following constriction of both arteries, a further 
uicicase of blood pressure could be cxjiected. 



Stirgical Procedure . — The first step of the operation was relatively 
simple, consisting of a diagonal incision about S cm. long beginning at a 
point at tlie juncture of postei-ior and middle thirds of the last rib and 
extending downwards and inwards at an angle of about 45 degrees 
roughly parallel to the fibers of the external oblique muscle. The trans- 
verse cutting of muscles was not always avoidable hut was minimized 
as far as possible by using a muscle-splitting technique and divv dissec- 
tion The peritoneum in the dog should be handled carefully in order 
not to open it and thus make more difficult the retroperitoneal approach 
the kidney. The kidney, exposed by separating the pei-ifoneum from 
I* stnarietal wall and overlying structures, was brought into view 

* j from its bed, and in the first instance the renal arteiy was 


T wnv as to reduce its caliber to about 60 per cent of 

tied off in such a na^ 


and lifted from 

tied off in such < jnsfances it was not neeossaiy to dcli^-er the 

normal eapam ligation with a linen- ligature was made in .situ, 

kidney, ' i, ' ce ""of the organ from its normal position. The 

with little disturoa 
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cases of congestion do we find elevated arterial blood pressure, but this 
is doubtless due to the fact that adequate heart action cannot be main- 
tained or that tlie great rise of venous pressure takes place more par- 
ticularly in the system of vena portae, thus ha^^ng no influence upon the 
renal venous runoff. 

But all of this leaves a question still open as to what is happening 
to the excess blood if the blood flow through the kidney is not dimin- 
ished during arterial hypertension and tliere is present a greater or 
smaller degree of stasis in the capillaries. This problem, it seems, can 
be solved only when we admit that in the arterial hypertension blood 
passes through the renal arteriovenous shunts opened bj* the increased 
venous pressure. The presence of the arteriovenous connections, al- 
though suspected since 1707, has been finally established definitely in 
man and in other mammals bj' Suequet^^ in 1S62, and by Hoyer’® in 1877. 
The recognition of importance of the arteriovenous connections in 
physiologic and pathologic conditions is growing rapidly due to the 
studies of Masson and Popoff,^® and of Leivis.” Recently Spanner’® 
has found them in a relatively considerable quantity in renal tissue. 
Wright and Duryee’® have shown that although there is some inter- 
change of the matters through the walls of the arteriovenous anas- 
tomoses, the tissue metabolism depends on the circulation of the blood 
in the capillaries. It is not surprising, therefore, that when the capillary 
stasis develops as the result of the eonstidction of the renal arterj’- or 
vein, the blood passes directly through the arteriovenous shunts, thus 
leading to the ischemia of the tissue responsible for the production of 
the hypertensive factor or to deficient oxidation of some very important 
products of tissue metabolism. 

To conclude, we are inclined to believe, on the basis of our experiments, 
reasonings, and clinical experience, that hypertension depends upon the 
disturbance of the balance between the pressure on the arterial and on 
the venous side of the kidney. When this balance is disturbed in favor 
of the venous pressure, stasis probably takes place in tlie renal capil- 
laries and primary renal circulation is short-circuited through ai’terio- 
venous shunts. Consequently, the tissue responsible for hypertension 
begins to suffer from inadequate supply of blood and production of a 
hypertensive substance is begun. On the other hand, we believe that 
when the balance between the pressure in tlie arterial and venous sides 
of the kidney is restored, the production of hypertensive substance will 
cease, perhaps through re-cstablisliment of an efficient oxygenation. 
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ing norniallj^ altlioxigh with marked reduction of blood volume. In all 
of these cases there was rapid restoration of the blood pressure to a 
mtieli lower level, a I’csuft which we attributed to the increased run- 
off, due to purel}’ physical factors and increasing the massage effect of 
the adjacent artery and to putting the renal vein on a stretch. The 
soundness of tliis i^osition was by no means certain, but in the later 
series when we operated the animals on the sound side (groups second 
and third) using the same technique of dislocation of the kidney in such 
a way as to straighten out the renal vein, it seemed more and more 
evident that these factors had definitely improved the runoff of the 
kidne3^ Eliminating the normal tortuosities of the renal vein and put- 
ting it somewhat on a stretch so that the rate of flow of blood in the 
stretched-ovrt artery was unimpeded could be compared to the rate of 
flow in a river meandering through a flat plain with many curves and 
much friction, and a river coursing through a narrow canjmn. 

Opportunitj’’ was afforded to re-examine the displaced kidney and 
it was found that the technique used resulted in a very firm attach- 
ment. A considerable collateral eireulalion was established but not 
sufficient, in our opinion, to explain the sustained fall in blood pressure. 
Also, the effect was produced by displacing the opposite kidney, not 
the one responsible primarily for hjqrertension. 

Discussion . — In our opinion the results of our experiments are con- 
firmed by the clinical experience of McCann and Eomanskj'^^ and of 
Riskind and Greene^^ who have established that the hypertension which 
accompanies the renal ptosis or renal torsion can be actively eliminated 
as soon as the incorrect position of the kidney is improved by a surgical 
operation or by an abdominal belt. The first tAVO mentioned authors 
even introduce the term of the orthostatic lypertension to designate that 
in these cases posture has a great influence upon the high level of arterial 
pressure. The decisive factor, hoAvever, in our opinion, consists not 
in the reduction of the lumen of the renal artery because of the renal 
ptosis, but in the impeding of the rmnous outflow in these conditions 
and in the fact that the restoration of the Iddneys to their right place 
has had its effect upon arterial blood pressure through improvement of 
the venous return. 

Further it may Avell be noted that many physicians have knoAvn for 
a long time of the influence exercised b.y venous pressure upon the level 
the arterial blood pressure. There arc numerous observations ac- 
to Avhieh a sudden bout of circulatory decompensation brings 
/ 't If a marked rise of arterial blood pres-sure Avhieh falls again 
Avith 1 e girculatoiy balance is rc-cstablishcd by digitalis and other 
as soon as introduced the term of “Ilochdruokstauung,” i.e., high 
means. a i upon stasis in the A-enous part of circulation, 

blood pressure ^ “hypcrten.sion asy.slolif]uc” or high 

and Gallavai m heart insufficiency. Of course, not in all 

blood pressure accompanj 



SULFONAIMIDE THERAPY IN ACTINOMYCOTIC INFECTIONS 

Champ Lyons, M.D., Cora R. Owtjn, Ph.D., and 
WiLLLAsr B. Ayers, M.D., Boston, SIass. 

(From the Massachusetts General Hospital, Boston) 

R ather recentl.y, sufficient success has attended our efforts in the 
management of actinomycotic infections to warrant a report of our 
limited experience. The program of treatment comhines drainage of pus, 
excision of infected tissue, and long-continued sulfonamide therapy. 

In all cases of infection with chronic suppuration and tissue deformity 
a search has been made for "sulfur granules.” These granules vary in 
size and color, the smaller ones being translucent and the larger ones 
yellow or even brown. Such gi-anules occur fairly frequently in pus and 
too much emphasis cannot be given to Henrici’s’ statement "that the 
mere finding of radiating lobulated granules in pus is not sufficient em- 
dence to establish a diagnosis of actinomycosis.” It must be proved that 
the "granules are composed of finely branched filaments characteristic 
of the mycelium of the actinomyces.” Confirmation of the diagnosis is 
frequently obtained by histologic examination of biopsy material from 
the abscess cavity. It is recommended that direct examination of the 
pus and tissue biopsy be performed in any suspected case. 

Topley and Wilson^ have proposed a classification of the actino- 
mycetes which has facilitated accui’ate reporting of the infections. The 
true ray fungus of Wolff-Israel is a preferential anaerobe or microaero- 
phile, now knosvn as Actinomyces hovis. This organism is regarded as 
the etiologie agent of the cervicofacial, pulmonary, and abdominal infec- 
tions producing sv^lfur granules and classified as actinomycosis. Ac- 
cording to Gammel,^ the actinomycotic species isolated from Madura foot 
produce sulfur granules and are aerobic. 

A considerable number of infections without sulfur granules or charac- 
teristic tissue deformity show' mycelia without club forms in the pus and 
a characteristic actinomyces growih on aerobic culture. These infections 
are occasionally reported as streptotrichosis. Topley and AVilson- 
classify such organisms as aetinomycetes and divide them into two 
groups: acid-fast and nonacid-fast. The acid-fast group are rarely 
encountered in infections of man but are characterized by their high and 
constant virulence for laboratory animals. They occasionally confuse 
the diagnosis of tuberculosis because of the marked similarit3- of the 
clinical disease and the difficulty in distinguishing the acid-fast m.vcelial 
fragme nts from tubercle bacilli. The nonacid-fa.st group is more com- 


Hi'Ccivoil for pvililic.-itlon. April .'>. ISIS. 
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was tried for six weeks without apparent effect. The wound was granulating at the 
time of discharge two weeks after operation. 

September, 1910, the patient re-entered with a draining thoracic sinus and in- 
creased chest pain and cough. Sulfalhiazole therapy was started and a blood level 
of 4 to G mg. per cent was maintained. After three weeks the patient developed 
sensitivity to sulfathiazole and a change to sulfanilamide was made without difficulty. 
The dosage varied between 4 and 6 Gm. daily. The previous chest wound was 
revised and a paravertebral abscess of the flank was drained and curetted. The 
patient was sufficiently improved three weeks later to warrant discharge home. Four 
grams of sulfanilamide daily were prescribed. 

In December, 1940, the wound had completely healed for the first time. Sulfanil- 
amide was reduced to 2 6m. daily. 

The thoracic sinus recurred in January, 1941 and sulfanilamide was restored to 4 
6m. daily. 

March, 1941, all was healed, but sulfanilamide was continued. The patient re- 
turned to work. 

Sulfanilamide was omitted in June, 1941, after nine months of treatment. In 
October, 1942 she had the last regular semiannual checkup (all healed and sjTnptom- 
free). X-ray has shown continual decrease of the size of the pulmonary scar. 

Comment . — A young woman with pulmonary infection due to A. bovis experienced 
a remission of her disease as a consequence of drainage of external abscesses and 
sulfanilamide therapy for nine months. No recurrence was noted in the following two 
years. 


Case 2 (M. 6. H. No. 310319). — A 46-year-old white factory worker complained, 
January, 1940, of right flank pain. January, 1941, following a fall, the pain in- 
creased and became constant. Shaking chills were experienced and subsequently 
there was limitation of motion of the right thigh. 

In March, 1941, there was operative drainage of “appendical abscess” with a 
persistent fistula and in June, revision of abdominal sinus and persistent fistula. The 
total weight loss was twenty-two pounds. 


The patient entered the Massachusetts General Hospital for first time, August, 
1941. Physical examination revealed a moderately emaciated man with operative 
scars of the right flank and right lower abdomen. An abdominal sinus six inches 
in depth and a flank sinus four inches in depth were noted. Sulfur granules were 
present in the pus, tissue biopsy revealed actinomycosis, and cultures showed an 
anaerobic actinomyees, eoagulase positive staphylococci and anaerobic non- 
hemolytic streptococci. 


Aug. 28, 1941, a right flank dissection with excision of diseased tissue was done. 
Sulfadiazine therapy was started in a dosage sufficient to maintain a blood level 
of 8 to 12 mg. per cent (4 to 6 Gm. daily). The patient was febrile for twelve 
weeks. The drug was discontinued after fourteen and one-half weeks of treatment 
and seventeen days after the temperature returned to normal. The patient re- 
mained m the hospital for a period of six weeks after omission of the drug. The 
temperature remained normal and the wound was healed at the time of dischar<re 
(Feb. 21 , 1942). ‘ ^ 


The patient re-entered hospital, March G, 1942, two weeks after discharge com- 
p ammg of recurrent pain in the right flank. X-ray examination showed obliteration 
of psoas shadow and distortion of the ureter on the right side. A small sinus was 
presen anteriorly with a scanty purulent discharge yielding only staphylococcus and 
he patient gradually iu.proved during the next eleven w^eks. He wa dis hLred 
home on a dosage of 3 Gm. of sulfadiazine daily. discharged 

war[l'diucd®to\he“r'''ViT 'T Pd«ent 

cu to the hospital for flank exnloration. A 
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iiioiily eiicoiiiilercd in ])us and is most apt to be confused witli diph- 
(liocoids. Tlic padiogcnioity of tlicsc strains for laboratory animals is 
usually minimal' and it may be difficult to evaluate tlieir importance in 
eslablisbcd infections of human beins-s. 

The accurate classification of actinomyees depends upon the identifica- 
tion of true sulfur "ranulcs, tJie aerobic or anaerobic characteristics of 
the organisms, and the acid-fast quality of the aei'obie species. 

The popularity of iodides in the treatment of actinomycosis resulted 
from^ the success of iodide therapy in the vetcrinain^ control of an infec- 
tion of the subcutaneous tissues of the neck of cattle due to the actino- 
bacillus, an aerobic Gi'am-negative bacillus producing granules in pus. 
Apparently, aetinobacillosis is very rare in man.” The inetfectiveness of 
potassium iodide in true actinomycosis is now quite generally recognized 
and the value of thymol as suggested by fifyers'* has been confirmed.’'' 
However, Wangensteen® believes tJiat surgical excision of diseased tissue 
is of greater importanee than thymol. Onr own experience has been in 
accord with this latter opinion. The preponderance of cervicofacial cases 
in the group reported cured by thymol is important because the prognosis 
is good in the cervicofacial infections and grave in the pulmonaiy and 
abdominal lesions.® 

Numerous authors"’''® observed recovery from serious actinomycotic 
infections as a consequence of sulfanilamide therapy. The literature 
now contains many reports of the efficacy of the various other sulfonam- 
ide compounds in abdominal and pulmonary infections. In vitro 
studies"’ have determined that sulfadiazine is the drug of choice and 
that it has a direct effect upon aerobic and anaerobic species of 
actinomyees. It seems clear that continuous treatment is necessaiy for 
cure because intermittent therapy and premature omission of drug have 
been followed by death.'® 

The following cases are reported to empliasize the necessity for long 
and continuous sulfonamide administration to effect healing and main- 
tain 2’emission of the disease. 


Case 1 tTSdOS ). — A single, vliito, Sl-year-old .sccretarv, in 

jpebruarj 393”; tJevelopeil a painful dry cougli a.ssooiated ivitli pain in the lower riglit 
cliest The cough quichly became productive of one-Imlf cupful of yellowisli sputum 
Llasionany streaked with blood. 

February 1939, she entered tlic Ma'-saeliusetts General Hospital for stuily and 
char"e"d with a diagnosis of cliroiiie utiil.nteral broncbili-. Tliere uas no 

ovidence of tuberculosi.s. 

* f nt reentered, .Tuly, I'.i.lb, because of a persistent imugb. ^Tlic disdiarge 

The pa e lung tumor with collapse of the right upper lobe, 

diagno.sis T ^ re-entered for .“tiidy, nitliout nea- fiiidingH and again 

In ■'‘gnfpred'witli a .soft ti.-uo s„elling of fbe right cl.c.“t «nll. 

in February, covered in -simliim. The el,est nail al,-ce-s ,uim incised 

Sulfur granules ner iqi'is were reco\*crrfI from the jmib. ioiVkIi* 

and curetted. Anaerobic -i- 
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\\as tried for si\ weeks ^rithout apparent etfeet. Tlie ^^ound was granulating at the 
time of discharge tuo ueeks after operation. 

September, 19-10, the patient re entered with a draining thoracic sinus and in- 
creased chest pain and cough. Sulfalhiazole therapy was started and a blood lei el 
of -1 to 6 mg. per cent was maintained. After three weeks the patient dei eloped 
sensitivity to sulfatliiarole and a change to sulfanilamide w as made w ithout difficult! . 
The dosage varied between 4 and 6 Gni. dailj. The preiious chest wound was 
revised and a paravertebral abscess of the flank was drained and curetted. The 
patient was sufficiently improied three weeks later to warrant discharge home. Pour 
grains of sulfanilamide daily were prescribed. 

In December, 3940, the wound had completely healed for the first time. Sulfanil- 
amide was reduced to 2 Gm. daily. 

The thoracic sinus recurred in January-, 1941 and sulfanilamide was restored to 4 
Gra. daily. 

March, 1941, all was healed, but sulfanilamide was continued. The patient re- 
turned to work. 

Sulfanilamide was omitted in June, 1941, after nine months of treatment. In 
October, 1942 she had the last regular semiannual checkup (all healed and synaptom- 
free). X-ray has shown continual decrease of the size of the pulmonary scar. 

Comment . — A young woman with pulmonary infection due to A. hoi is experienced 
a remission of her disease as a consequence of drainage of external abscesses and 
sulfanilamide therapy for nine months. No recurrence was noted in the following two 
years. 


C\SE 2 (M. G. H. No. 31C319). — A 46 year old white factory worker complained, 
January, 1940, of right flank pain. January, 1941, following a fall, the pain m 
ereased and became constant. Shaking chills were experienced and subsequently 
there was limitation of motion of the right thigh. 


In Maich, 1941, theie was operative drainage of “appendical abscess” with a 
persistent fistula and m June, revision of abdominal sinus and persistent fistula. The 
fotal weight loss was twenty two pounds. 

The patient entered the Massachusetts General Hospital for first time, August, 
1941. Physical examination revealed a moderately emaciated man with operative 
scars of the right flank and nglit lower abdomen. An abdominal sinus six inches 
'a depth and a flank sinus four mclies in depth were noted. Sulfur granules were 
present in the pus, tissue biopsy revealed actinomycosi'-, and cultuies showed an 
anaerobic actinomyces, coagulase positive staphylococci and anaerobic non 
hemolytic streptococci. 


Aug. 28, 1941, a right flank di<!section with excision of diseased tissue was done 
ulfadiazme therapy was started in a dosage sufficient to maintain a blood level 
of 8 to 12 mg. per cent (4 to 6 6m. daily). The patient was febrile for twelve 
Weeks. The drug was discontinued after fourteen and one half weeks of treatment 
and seventeen days aftei the temperature returned to normal. The patient re 
Warned in the hospital for a period of six weeks after omission of the drug. The 
emperature remained normal and the wound was healed at the time of discharge 
(Feb. 21 , 1942). 


The patient re entered hospital, March 6, 1942, two weeks after discharge, com 
^ ainmg of recurrent pam in the right flank. X ray examination showed obliteration 
tireJ**'”*'* Jo’tortion of the ureter on the right side. A small sinus was 

^re ont anteriorly with a scanty purulent discharge yielding only staphylococcus and 
le patient gradually improved during the next eleven weeks He was discharged 
lue on a dosage of 3 Gin. of sulfadiazine daily. 

biptciuber, 1942, recurrent sinus was discharging sulfur granules and the patient 
"as readmitted to the Iiospital for flank exp' ' ’ 
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/jrantilnlion tiwue wns cxche/T. 5'lie ivoiind was closed ’interiorly and drained pos- 
tcnorJy. The pntient eontinuod on sulfiidiazine, 3 Gni. daily. 

S} Doeomiierj 1942, the wound was cnfirclv licaled. Sulfadiazine was reduced to 
2 Gm, daily. 

Two .sinuses appeared in the right flank in February, 1943. The patient was placed 
on 4 Gm. of sulfadiazine daily, but was not yet able to resume work niter a disability 
period of throe years. He was improved, but not cured. 

Commmit. This patient had a true A. horis infection of the right flank. The 
portal of entry was unknomi. The infection was widespread and severe. Complete 
excision of the disease was impossible. Sulfadiazine therapy- appeared to aid in the 
control of constitutional symptonis and to accelerate local healing. In spite of two 
lears of sulfonamide therapy the patient continued to have local recurrence of the 
disease. 


C.\SE 3 (AI. 6. H. No. 341910). — 32-year-old white married carpenter noted, in 
September, 1941, a painful swelling of the left side of the face. Five teeth were 
extracted without relief. The left antrum was explored, in December, and the left 
temporomandibular joint was drained, 

January, 1942, the left cheek was inci.sed. A draining sinu.s was found. Severe 
chills were experienced on three occasions. 

In February, 1942, the patient entered the Massachusetts General Hospital because 
of persistent draining sinus and increasing pain and swelling of the left side of the 
face. Physical examination revealed extensive inflammatory deformity of the soft 
tissues of the left side of the face and neck. The mandible was not involved. Sulfur 
granules were present in the pus and anaerobic A. hovis and congulase negative 
staphylococci were cultured. Tissue biopsy showed acute inflammation. The pntient 
was started on sulfadiazine and the abscess of the left face was drained at the angle 
of the jaw. Five weeks later the patient was entirely healed and symptomless. Ho 
was discharged home on 4 Gm, of sulfadiazine daily. 

By September, 1942, there was no evidence of recurrence. Sulfadiazine was 
stopped after seven months of treatment. 

Inflammation and sinuses recurred, November, 1942, ten weeks after the last dose 
of sulfadiazine. Drug flierapy was resumed for one month with regression of the 
disease. His condition was apparently quiescent through the month of March. 

Comment . — ^A cervicofacial infection with A. horis showed an immediate favorable 
response to simple drainage and sulfadiazine therapy. Omission of sulfadiazine after 
seven months was promptly followed by a recurrence of the disease. Tlu.s recur- 
rence responded to sulfadiazine therapy. 


Case 4 (M. G. H. No. 37C717). — ^A 24-year-old single white garage moclmnic had 
had drainage of an appendical absce.ss at the age of Hi. In 1939 he had an ap- 
pendectomy with primary healing of the wound. 

The patient developed, in 1940, a productive cough and the abdominal wound 
reopened and drained pus. He was admitted to tuberculosis .sanatorium for treat- 
meM Thoracentesis and sputum studies were negative for tubercle bacilli on smear 

and in guinea pigs. . 

A ri ht thoracic sinus developed in July, 1941, and -shortly thereafter mnlfiplc 

„;„,„rippeared over both sides of the thoracic cage. 

f nt was admitted to the Mns.stitdiu.seffs General Hosi’ital in September, 
The pa * sinuses of both ehe.it walls .'ind a right lower ahdominiil .miiiu.m. 

1P42, WJ > ‘ ^ .jbdominal and pulmonary actinomyco.si.s with anjyloiii disease was 

The diagnosis 0 . anaerobic actinomyees were found. .Sulfadiazine 

established, u ur patient was sutlicienflv inipro'ed in three week.s to 

therapy was instituted . 

return to sanatorwni car . 
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March, 1943, after five months of treatment, the patient had gained tliirty-five 
pounds and was working. Tlie sinuses were healing slowly but there was still some 
purulent discharge containing sirlfur granules. 

Comment . — A patient with widespread A. hovis infection of the lungs, chest wall, 
and abdomen made a dramatic initial improvement upon sulfadiazine therapy. The 
disease was so widespread that surgical excision was impossible. 

Case 5 (M. G. H. No. 2S245S).— A 33-year-old white housewife had (April, 1942) 
an indolent abscess on the left arm. In June, 1942, there were tenderness and indura- 
tion of the right buttock without history of trauma. 

Excision and successful primary suture of the abscess of the left arm was done 
July, 1942. One week later a fluctuant absec.ss of the right buttock was drained. 
This failed to heal. 

July 13 to 21, 1942, sulfadiazine therapy with a blood level of 12 mg. per cent 
produced marked improvement of the wound of the buttocks. In October, 1942, there 
was revision of the wound of the buttocks for persistent suppuration. 

November, 1942, the patient first entered Massachusetts General Hospital for 
persistent abscess of the buttock. There were no sulfur granules. Cultures demon- 
strated an abundance of aerobic, nonacid-fast actinorayces and coagulase positive 
Staphytococcus aureus. A biopsy showed absce.ss formation without evidence of 
specific infection. At operation the abscess cavity was opened widely and found to 
lie superficial to the deep fascia. Dakinization was instituted. 

By Jan. 5, 1943, the wound was granulating and covered with a grayish film from 
which the aerobic actinomyces was recovered. .Sulfadiazine was started. During 
the next month the wound improved considerably on the piogram of local Dakin's 
irrigation and general sulfadiazine in a dosage of 4 Gm. daily. The actinomyces 
disappeared. 

The secondary closure of the wound was done Feb. 5, 194,3, and Feb. 22. the 
patient was ready for discharge. 

Comment . — An infection of the subcutaneous fat of the buttocks due to an 
aerobic, nonacid-fast actinorayces showed complete remission of the disease only 
after sulfonamide therapy was instituted. 


DISCUSSION 

Sulfonamide therapy has supplemented the surgical management of 
five patients infected with actinomyces. Tlie etiologic agent tvas an 
anaerobic A. bovis in four patients; one cervicofacial, one pulmonary, 
one pulmonary and abdominal, and one abdominal infection. An aerobic 
nonaeid-fast actinomyces was found in another patient with an abscess 
of the buttocks. In every instance clinical improvement was noted witli- 
111 the firat three weeks of sulfonamide treatment. Tiiis improvement 
was not maintained unless the sulfonamide was continued for a consider- 
ably longer period of time. Nine montlis of treatment with 4 Gm. dailv 
produced healing for two years in one patient. Other patients treated 
with smaller doses for equal or longer periods of lime showed recurrent 
aliscessos and fistulous sinusc.s, but all patients appear improved. 

It is our impres.sion that the dramatic initial response of these infec- 
tions to .sulfonamides is somewhat misleading. The drugs induce a re- 
mission and apparently diminish the intensity of the recurrence but it 
can baldly )o dainiod that the disease has been completelv cured. The 
inference as to the nccc.ssity of surgical excision of the infection is cleai- 
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Lntil more effective 11iora])eiitic agents are available it is felt that the 
incidence of complete remission will reflect th.e sui’geon’s ability to ex- 
cise all the infected tissue. 


coNcnusroNS 

1. Sullonamide therapy in a dosage of 4 G'm. daily over a period of 
months has induced striking remissions in aerobic and anaerobic 
actinoinycotic infections of all clinical types. 

2. The induced remission is eliaractex-ized by the recurrence of local- 
ized abscesses and fistulous tracts which tend to heal under continued 
drug therapy. 

3. Surgical excision of all the infected ti.ssue is the most effective treat- 
ment of the disease. 

4. Sulfonamide therapy is a valuable adjuvant to the surgical manage- 
ment of aetinomycolie infections. 
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SOLITARY EOSINOPHILIC GRANULOMA 

Report of a Case 

Graham A, Kernwein, SI.D., and Prank B. Queen, jM.D., Chicago, III. 

(From ihe Department of Bone and Joint Surgery, Korthwcstern University, and 
Passavant Memorial Bospital) 

S OLITARY eosinophilic granuloma is an uncommon benign destruc- 
tive bone lesion of whieh only nineteen cases were reported in 
the medical literature. Although the lesion presents a distinct micro- 
scopic pathologic picture, the pathogenesis has not been established. 
Significant clinical data from the various eases are presented in 
Table I. 

Clinical data are meager. The reports, however, demonstrate the 
condition to be most prevalent in the adolescent and young adult male. 
The presenting complaint was swelling, pain, or both. The lesions were 
solitaiy and twelve of the nineteen cases prefen’ed the skull or ribs. 
Treatment consisted of surgery, alone or combined udth roentgen 
therapy, but as none of the patients succumbed to the disease the x-ray 
therapy was probably of no benefit. In this report the lesion, treated 
by partial osteotomy and curettage, healed promptly. The patient, 
twenty-eight months later, was alive and well. 

F. W., a white male, 20 years of age, while lifting a heavy sack, was seized 
with severe pain in his right groin. Examination revealed no cause for the pain. 
Intermittently, for about three weeks, he suffered with quadriceps muscle spasm. 
Pain in the hip gradually increased in duration and severity so that after two 
months it kept him awake at nigiit. He also lo.st taenty-five pounds in weight. 
His temperature was normal. 

Physical examination revealed a tall, muscular, white male without significant 
findings, but who looked ill. 

Laboratory findings; Blood — R.B.C., 5,150,000; Hb., 15 Gm.; lY.B.C., 7,GoO. Dif- 
ferential count; polymorphonuclear neutrophiles, OS; eosinophiles, 5- baso- 
philes, 1; lymphocytes, 16; monocytes, 10. Calcium, 11.1 mg.; phosphorus 
.3.22 mg. 

Urine— Specific gravity, 1.020; albumin, negative; sugar, negative; leucocytes, oc- 
casional; and epithelium, -H-. ' * 

Roentgenologic studies of the pelvis and left hip showed an irregular region 
of decreased density at the upper end of the femur, mesial and inferior to the 
lesser trochanter (I'ig. 1). Films of the leg in internal rotation reve.aled the 
•shadow of a thin strip of perio.steal new bone (Fig. 2). No other lesions were found 
in stiulica of the cheat nml rcmuiniU'i of the skeleton. 

One week after hospitalization, the upper end of the femur was exposed through 
:i lateral incision. Grossly the l)onc appealed normal. window was cut in the 
i- nricx a nd the underlying pink grav, succulent marrow removed for biopsv. A 

Itcc'lveii for pulilloation. Nii%. 3 it. 1912. 

IlCi 
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AUTHOR 

SEX 

AGE 

BOXE 

INVOLVED 

DURATION 

OF 

SYMP- 

TOMS 

PRESENTING 
COMPLAINT ' 

TEMPER 

ATURE 

LOSS 

OF 

WEIGHT 

TREAT- 

MENT 

Bassi 

M. 

4 

skull 

5 wk. 

swelling, no 


no 







pain, no in-; 









flammation j 

i 




M. 

12 

rib 


pain in chest 

100.5 

no 


Pinzia 

M. 

15 

frontal 







M. 

11 

skull 

9 wk. 


1 



Hatcher^ 

F. 

S 

humerus 

2 mo. 


1 




F. 

0 

distal 

1 mo. 


1 






j radius 


i 

1 



Kernw ein 

M. 

20 

UDper 

2 mo. 

severe pain 

98.6 

25 lbs. 

complete 

and Queen 

1 


left 





local re- 




femur 





moval 

Lichtenstein 1 

F. 

1 

4 

upper 

2 wk. 

swelling and 

99.0 to 


surgery 

and JaSei’ 



left 


[ pain 

100.6 


and s- 

] 



femur 





; ray 

Malloi-j 5 

M. 

24 

nb 

1 2 yr. 

pain in back 




MignonG 

hi. 

12 1 

1 

frontal 

i 


1 




M. 

11 

nb 

2 mo. 

pain 

101.0 


surgery 

Otani and 

F. 

7 

scapula 

2 wk. 

pain 

99 2 to 


x-ray 

surgrery 

Elirlicht 






100.6 


X ray 


F. 

15 

rib 

several 

swelling 



surgei^' 





'(vk. 


1 


x-ray 



35 

nb 









skull I 









sternum 









mastoid 






Scliairers 

hi. 

9 

parietal 







M. 

10 

parietal 








diagnosis of solitaiy eosmoplulie granuloma was made. One week later the wound 
"as reopened and marrow from the upper third of the femur remoied. The wound 
healed hj priraarj intention and the postoperative couise was uneventful. 

The pain was lelieved immediatel} . When he returned to work three months 
later, the patient had gamed twentj two pounds in weight and there was deiinite 
healing of the hone lesion (Fig. 3). TwenU eight months later he was well and 
the operative defect in the femur was largelj replaced with new bone (Fig. 4). 

Sficroscopic examination of the tissues removed and stained with hematoxvlin 
and eosm revealed that most of the c.ineellous bom trabeculae had been destroved 
The marrow cavitj was filled with a comp.ict fibrous tvpe of granulation tissue- 
disseminated throughout were isohited well emapsulated gianulonias (Pig 5),' 
lads of eosinophilic pol.Miioiponuclo.il leuioevtes arranged in sheets” and cords 
with verv little Supporting stroma composed the most conspicuous feature of these 
granulomas. Interspersed throughout were numerous large polvgonal cells with 
aiundant pale cvtoplasm and poorl.v outlined cell membrane (Fig. G> Ther enn 
ained large oval or kidnev sh.iped nuclei with occasional mitotic figure's In 

"■"'t-nucle-itcd giant cells 

.Igo vtued cosiiiophiln leucoevtes were present in some; in others the mtoTila 
appeared vacuolated (F.g 7). Although most of the bonv tml^X td 
rnjed, some newlv formed bone was jirescnt on the surface of the fm 
spicules There were no areas of necrosis 
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111 difEerentiating this condition from other granulomas, the pha- 
gocytic properties of the giant cells are perhaps the most significant 
and salient feature. Necrosis is absent and the giant cells are not of 



Fig 5. ^The granuloma (A) is surrounded by a compact type ot fibrous tissue (B) 

In the meshes of rvliicli lie isolated spicules of bone (C). The closely packed 
eoslnophiles comprise the dark-staining portions of the granuloma; the lighter 
regions are made up mostly of large pale-stammg mononuclear cells (x65). 

Fig. 6. — The clusters of small dark cells seen in region (A) are eosinophilic 
granulocytes. Interspersed among the eosinophiles as in region (B) there are clusters 
of large pale cells with poorly outlined cell membranes and huge oval or kidney- 
shaped nuclei (X310). 



region of the granuloma containing numerous muUinucleato<] 
cells (A) formed by the fusion of the endothelial cells seen in (B) of Fiir fi 
multinucleatcd giant colls (I?) are phagocytic. The clu.stcrs of 
colls seen In region (C) arc polj morphonucleiir leucocytes (X310). * ' 


giant 

Some 

dark 
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the typical Langhans ty])e. Therefore, tuberculosis is ruled out and 
the postoperative course does not resemble that of tuberculosis of the 
bone. Eosinopliiles would be an extraordinaiy finding in syphilis. 
Bacillus mclitensis infection is not ruled out histologically; clinically, 
however, the patient had no fever, weight loss occurred, lassitude dis- 
appeared following the oijeration, and the opsonocytophagic index, 
skin and agglutination tests were negative. The condition could be 
mistaken ifor Hodgkin’s disease but against this are the phagocytic 
properties of the giant cells, the absence of involvement of the lymphatic 
system, and recovery with operation. The condition is incompatible 
with Schiiller-Christian’s disease clinically because of the single lesions 
and the universally favorable course. 
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A STUDY OF THE PHYSICAL FACTORS CONCERNED IN 

INFLAMlLiTION 

III. The Fixation op Bacterla. ix Ixfeamed Tissues*' 
Carroll J. Bellis,! j\I.D., Ph.D., Atlanta, Ga. 


IXTRODUCTIOX 


W HATEVER physical factors appear to function in the inflamma- 
tory process, it appears that the development of immunity in an 
individual is, to a large extent, inherent in the cellular morphology it- 
self. Nor can all the events in the inflammatory process be explained 
by the tendency of microorganisms to disseminate from an original focus 
of infection. However, no con.sideration of inflammation- is complete 
unless the constitution of the tissues themselves is analyzed — a constitu- 
tion built of the local reticulum and embodying those characteristics 
peculiar to cells ; phagocytosis and antibody formation. Hand in hand 
with the establishment and increase in local inflammation there is a 
stimulation of new cellular activity called resistance, and it is this very 
resistance which is responsible for the enmeshing of colloidal particles 
and bacteria introduced locally or generally. 

Fixation of Dyes and Bacteria . — It has long been knorni that if a 
part of an animal is injured, as by previous heating or injection of an 
irritant, subsequent intravenous injection of bacteria or colloidal dye 
will result in the latter's concentration in the inflamed area (Charrin-,® 
Chesney, Turner, and Halley p® Eckstein and von ilollendorffp^ Luriep® 
Ramsdell;®'* Eich;®= Rigdon;“ Menkin;“ Bowman, Winternitz, and 
Evans;® Lewis;*® INIacCurdy and Evans;®* McClellan and Goodpasture;®® 
iMcJunkin;®* Okuneff;™ Quednau;®® Rous, Gilding, and Smith;®® 
Schmidt ;■** Seyderhelm and Lampe;” Shmidzu;*® Siengalewicz;*® 
Winternitz and Himchf elder®®). 

This phenomenon has been widely and thoroughly studied. If a 
filtrate of Bacillus tyi^hosus is injected into a rabbit's skin, followed 
later liy an intravenous injection of any bacterial filtrate, a local necrosis 
at the previous injection site occurs (Schivartzman*®). In essence, 
there is a hyperimmunity at the previous injection site which is non- 
specific (Calmette and (!uerin;* Auer;® Bordet;® Cannon and Pacheco;® 
Palchetti and Carlinfanti;'® Fox;'® Freund;** Frisch;*® Gerber;*® 
Miller;®® Moritz;®* Noetzel;®® Rivers and Tillett;®* Ruffer;®® Sager and 
Michel;*® Seegal and Scegal;** Sickles;** AYadsworth;®® and Willis®*). 

The localization is due to phagocytosis of the intravenously injected 
material or only absorihion by the local hi.stiocytcs. Oveiloading the 


® thesis .siibmltteil to tho 0^atlu,^te Faculty of the Unifcr.sitv of Sfinnr. 
of 'm,nos?phy°l‘n 'slrrs'cry fiilfllli.icnt of the rcquireiacnts for the dejrrc'e of Doctor 

nccolvi-d for publication. Nov. 1912. 

tXow at l,a\vson tlcnovul Hospital, Atlanta tU. P. .\rmy MeOlr.-il Corp.s), 
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organism with intravenous dye may so involve the retieulo-endotheliiim 
t lat a so-called reticulo-endothelial blockade may result, allomng sub- 
seqne^nt infection to progress ancheeked (Adler and Singer;* Anitsch- 
Bickhaz’dt;'* Goldmann;*' Higgins and Murphy;*® Manwaring 
and Pi'itsehen Nissen;-® Petroff;^^ Sohulemann;« and Stihvell"). 

Statement of the Problem . — If there is a mechanical isolation of or- 
ganisms by inflamed tissues, as kfenkin has demonstrated, the isolation 
should be capable of demonstration by culture of inflamed and non- 
indamed areas in the same animal after intravenous inoculation. It 
n"as proposed to study this phenomenon and the fixation of intrave- 
nously injected dyes. 


jMETHODS AN'D EXPERIMEXT.S 


Fixation in Traumatized Areas. 

Localization, of dyes: In each of two rabbits, 0.2 e.c, of croton oil Avas 
injected subcutaneously in each ear. Twenty-four hours later, in one 
animal, multiple circumferential injeetiojis of 2 per cent aqueous trypan 
blue Avere made around the lesion in the left eai’, and 0.1 c.c. of trjTAan 
blue injected directly into the lesion in the riglit ear. In the second 
animal, India ink zA^as used in the same mazmez’ as was trypan blue. 

Azzother z’abbit A\'as etherized and a Jiind extremity immersed in 
Avater at 60° C. for oize miziute. The folloAving day 5 c.c. of 2 per cent 
trypan Z’ed solutiozz Avere injected into the izzflamed area. Heai’t serum 
samples Avere examined for dye at 0, 1, 2, 8, 4, and 6 hours. A control 
animal (uninflamed) reeeiA'cd a similar subeutazzeous injection and was 
similarly studied. The urine from each anizual AA’as also inspected for 
the preseziee of tz-ypaiz z'cd. 

Izi azzother rabbit Avith a leg inflamed by heat as above, 5 e.c. of 1 
per cent indigo carmine aa'ci’c injected into tJie binmed az-ca. Heart 
sei'zzm samples taken at 0, 1, 2, 3, 4, and 6 liouvs and urine samjzlcs were 
examined for dye. 

In another series of animals, fJie feation by iziflamod areas of trypan 


blue hzjected intraA^eziously was studied. The right hind extz-emity of 
an etherized 250 G'm. I'at Avas heated in zvater at 60° C. for one minute. 
Fozzr Izozzz-s later, 0.5 e.c. of 2 ])cr cent azpzcous tryjzan blue .solution Avas 
nzjccted into tiie heart. Twenty-four hours after tlic hiii'n, both liincl 
extremities Avere compared for coloration. 


In a rabbit, the zngbt eav azzcl right leg suhoulaneous ti.ssuos Avero 
■ ■ eted AYAtb 0.2 c.c. of croton oil. Four hours Jatoi’, 4 e.c. of 2 per cent 
* us li'vpaiz blue Avcrc injected into an ear A-ein. The aniznal Ava.s 
. 3 IiozzYS later, and the inflamed mombcis compared Avith the 

sacii ce - ^(jdifion, the volume-s of the ears and leg.'f Avere deter- 

™ If two other rahbit.s, inHanimalion of an car and leg na.s 

In each o , (-no (< foi- one jniniile followed by intravenous 

induced by healu'? ai 
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injection of 4 c.c. of 2 per cent aqueous trypan blue solution 4 hours 
later. Both animals were sacrificed 24 hours later, and the inflamed 
members compared with the other side. In one animal, volumes of the 
burned and normal members were determined. In the other animal, 
edema fluid protein, blood plasma protein, and tissue pressure were 
determined. 


Localization of bacteria: Pawlowsky*^ found that after subcutaneous 
injection, bacteria may be found in the blood in 15 minutes and in the 
internal organs in 30 minutes. He used Staphylococcus aureus and 
Staph, citreus, B. pyocyaneus, and the Staph, pyogenes. If he injected 
the organisms intravenously after fractures, he found the bacteria local- 
ized in the fracture sites. 


In this series of experiments it was determined to study the localiza- 
tion of intravenously injected bacteria in previousl}’’ inflamed areas. In 
general, in a series of 102 rabbits, one leg of each was burned under 
ether anesthesia, and the following day a culture of bacteria was injected 
into an ear vein. Blood cultures were made immediately after the injec- 
tion and at the time of sacrifice. When the animals Avere sacrificed, 
cultures were also made of the edema fluid and subcutaneous tissues 
of the burned side, the subcutaneous tissue of the nonburned extremity 
and of the spleen (and, occasionally, liver). 

The organisms used for these experiments Avere: Streptococcus viri- 
dans, 33 rabbits; Str. liemolyticus, 16 rabbits; Pneumococcus, type I, 
14 rabbits; Staph, aure^^s, 16 rabbits; B. pyocyaneus, 8 rabbits; B. 
prodigiosus, 7 rabbits; and B. coU, 8 rabbits. 

Trauma Avas produced by heat in every experiment except one. In 
this exceptional experiment, it Avas done by subcutaneous injection of a 
50-50 mixture of alcohol-acetone. For each experiment (one organism 
being used in each experiment) 7 rabbits Avere usually used. In each 
animal, one loAver extremity Avas depilated Avith barium sulfide, the ani- 
mal anesthetized AA'ith ether, and the depilated extremity immersed in 
AA’ater at 60° C. for one minute. 


Tlie folloAving day, 0.5 to 1,0 c.c. of a broth suspension of the organism 
(the bacterial count having been made preA'iously) Avas injected into an 
car vein using a tuberculin syringe fitted Avith a No. 25 gauge hj’po- 
dermic needle. One uninflamed extremity AA-as present in each animal. 
The anterior chest Avail having been depilated just before injection, tAvo 
minutes after the injection a heart blood culture Avas made to A-erify the 
presence of bacteria in the circulating blood. 


One rabbit Avas then sacrificed by a bloAV over the occiput (ether bein" 
avoided because of its inti-avital bacteriostatic action) usually at the 
end of 5 minutes, 15 minutes, 30 minutes, 1 hour, 2 houi-s, and's hours 
Immediately after sacrifice, tiie abdominal skin was reflected and the 
suiierficial muscles iodized by pouring full strength tincture of iodine 
over the area. The abdomen was slit open through a long incision AAdth 
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sterile iiistrumeuls, llie same inslrumenls being used to liold tlie spleen 
out of the wound and the intestine to one side; then with a sterile 
syringe and needle, inferior vena cava blood Avas aspirated for eulture, 
folIOAA’ing Avhich a piece of the spleen or liver Avas resected for culture. 
Inferior vena eava blood Avas taken instead of performing a second 
cardiac aspiration in order to avoid contamination of the second culture 
by bacteria present along the first needle tract in the pectoral muscles. 

The nontraumatized extremity Avas then depilated Avith barium sulfide, 
Avashed, flushed Avith alcohol, folloAved bj' 0.9 per cent sodium chloride 
solution, and a sample of subcutaneous tissue excised for eulture as a 
control. The burned side Avas gently cleaned Avith Avatcr, flushed Avith 
70 per cent alcohol, and a sterile 0.9 ijer cent sodium chloride solution, 
folloAving Avliich a sample of the subcutaneous tissue Avas excised Avith 
sterile instruments for culture. In some cases, edema fluid Avas aspirated 
first Avitli a tuberculin syringe and hypodermic needle and cultured. lu 
other eases, the edema fluid Avhieli Avelled up into the incision Avas as- 
pii’ated Avith a sterile pipette aiid cultured. All cultures Avere made in 
blood agar (rabbit blood) in Petri dishes at 38° C. In several animals, 
pieces of the liver and spleen and bits of the inflamed subcutaneous 
tissue AA'ere sectioned and photomicrographs made. 


RESULTS 

Trypan blue and India ink injected into inflammatory lesions tend 
to stay in those areas. If injected into the periplmral normal tissue, 
diffusion does not take place readily into the lesion (Table I, A)- 
Trypan red and indigo carmine readily diffuse out of •inflammatoi.A 
sites and are found in the blood and urine (Table I, B). 

Table I 

PppArEABiLiTY OF Inflammatory Sites to Dyes Injected Locally in Babbits 
~~ injecte d into^sion injected abouct LE.s jo^ 

Trypan blue 
India inb 


not diffused 
not diffused 


not diffused 
diffused into lesion 


afpearance in ur.iNR~ aiteailvnce in blo_oi^ 


Control (not inflamed) 
Tnyan red into buniod 
area 

Indigo carmine 


trace 

Iieai’y 

none 

Iicavy . . 

(also iic.nvy at injection site) 

heavy 

none . . .. 

(also fairly heavy at nijection 


site) 


inicctcd dirccllv into the circiilafion, it is retained 
f ti-A-pan blue is 3 jj) 

inflamed ,.viis em-ounlercd in aspirating (.•nougb eardnic 

jlncc extreme diffi ^ cn.ployed instead, 

od for p.vorably 

miration of edema 
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Tabie II 

Fisumox BY iNFLAJtJfATOKY SITES OF ISTKAVEKOUSLY INJECTED TRYPAN BLUE 


ANIMAL 


TYPE OF 
INFLAMMA- 
TION 


CONTROL 

LEG 


BURNED 

LEG 


CONTROL 

EAR 


BURNED 

EAR 


hat 

lieat 

unstained blue 

— 

— 

Rabbit 

eroton 

oil unstained blue 

unstained 

blue 



(Aiolume increase of ear: 

10 c.c. 




Volume increase of leg: 

10 c.c.) 


Rabbit 

heat 

unstained blue 

unstained 

blue 



(A^olunie increase of ear: 

20 c.c. 




Volume increase of leg: 

70 c.c.) 


Rabbit 

lieat 

unstained blue 

unstained 

blue 


(Control plasma proteins: 4.5% 

Edema fluid proteins: 2.5%5' 
(Subcutaneous tissue tension control: 2 mm. Hg 
Subcutaneous tissue tension, burned: 34 mm. Hg) 


with excision of tissues. Culture of the tissue itself may be positive 
where corresponding edema fluid is negative in the case of minimal 
infection. All cultures were usually counted in 48 hours, ivhen the 
number of colonies appeared to reach a maximum. 

Generally, intravenously introduced organisms, provided that the in- 
jected number is not overwhelming, are rapidly cleared from the blood, 
the blood cultures becoming negative within 15 minutes after the injec- 
tion. At the same time, the reticnlo-endothelial structures { spleen and 
liver) take up the organisms. The sterile blood apparently becomes 
re-inoculated after a variable time (usually after 2 hours) unless the 
injected dose of bacteria is small. Thus, in Table III, C, it can be seen 
that blood cultures after intravenous injection of pneumococci are posi- 
tive within the first few minutes, but are negative from then to 3 houi-s. 
Mter that, organisms are constantly found in the blood, at least up to 
5 days, when the experiment was discontinued. 

Virulent organisms such as Str. hcmolyticiis are difficult to clear 
from the blood, but if the virulence is reduced by repeated subculture 
(Table III, B), the blood can be cleared rapidly, even when a greater 
number of organisms is intravenously injected. 

Contamination in these experiments is invited by the nature of the 
trauma, air bacteria being the most common contaminants. B. coli is a 
freciuent offender, and its iiresenec in the burned tissues of uninjected 
rabbits testifies as to its jirolific nature. 

As demonstrated in previous experiments with intravenously injected 
trypan blue, intravenously injected bacteria have as great a predilection 
for traumatized areas as for rcticulo-endothelium. Organisms are read- 
ily cultured from the traumatized subcutaneous tissues, while the con- 
trol normal subcutaneous tissues of the same injected rabbits show no 
growth of the injected organism on culture (Table III). 




'J hr. Local Defense Afocthm.— Slowly spreading bacteria in tissues ai 
pro la )ly arrested by local blockade or bacteriolysis. Inflammation stin 
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Tabi,e III 


^NTi!AVENOUSl,y iNJECrEI) BACTEKIA in PiJCVIOUSLY Tkaumatized 
AREAS IN BABBITS; EeSULTS Or CUETaiiES OF Beood, Trauiiatizeb and Non 
iBAUJiATizED Areas (Subcutaneous Tissues), Iover, and Spleen 


NO. INJECTED 
A. Sir. vtndons: 


40,000,000 


I 


4,500,000,000 


80,000,000 


inflamed 

noniial 

Inei 

spleen 

blood 


inflamed 

normal 

liver 

spleen 

blood 

inflamed 

normal 

Inei 

spleen 

blood 


TIME OF OBSERVATION 


min. 5 iiiin 15 min. 30 min . 1 hr. 2 hr. 

0 0 0 0 0 0 innum 

0 0 0 0 0 0 0 

innuin OS 348 165 67 524 

innum 1342 16 10 98 2.0 

innuni 1520 0 0 0 0 0 

2min, 6 mm. 9 min. 15 min. 20 nun. 40 nun Ihr. 


0 innum 02 0 innum innum 

— 0 0 0 0 0 0 
innum innum innum innum innum innum 
innum innum innum 2056 innum innum 

innum innum innum 194 innum 1005 120 

2 nun. 5 nun. 15 min 30 min. 45 min Ihr. If hr. 2 hr. 
276 140 0 65 205 450 

0 0 00000 


edema fluid 

B. Sir. hemolyticus; 


77,000,000 


innum innum 
244 


0 0 innum 

0 0 0 

43 200 9S 



360,000,000 


inflamed 

normal 

spleen 

edema fluid 

normal fluid 


innum innum innum innum 169 


blood 


0. rn eumococciis, Type 1. 

"loiooMoo 


0 0 0 

innum iniiiiiii 
innum innum innum 
0 0 0 

0 0 0 


2 rain 5 nun. 15 nun .10 nun 1 hr. 


60,000,000 


inflamed 

normal 

lucr 

spleen 

edema fluid — 
blood inn 


2 I 

intlamed 

normal 

spleen 

edema flmO — 
blood 


169 miiuni 
0 0 
3 0 

0 mniiiii 

0 0 

0 0 


2 lir. 3 hr. 

'TI 0 


50 

n 

5 

0 

-- 

iiUMini 

54 

1 

(.0 

0 


inninn 

0 

0 

0 

0 


0 

682 

0 

0 

0 

— 

jiiniirn 

1 day 


3 d.ij ■< 

I d.ii « 

5 



innum 

innum 

innum 

18 


0 

0 

0 

0° 

0 

innum 

innum 

r,‘j 

•> 

0 

innum 

innum 

innutn 

innum 

— 

innum 

innum 

tnniim 

irinuni 
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NO. INJECTED TISSUE 



TniE OF OBSERVATION 



D. Staph. Avreus: 

— 

2 min. 

5 min. 

15 min. 

30 min. 

Ihr. 

2 hr. 

3 hr. 

inflamed 


mnum 

150 

5 

14 

innum 

mnum 

normal 


0 

0 

0 

0 

0 

0 

spleen 



143 

145 

IS 

120 

25 

10 

edema fluid 


0 

158 

0 

43 

240 

0 

blood 

intium 

332 

0 

21 

0 

0 

0 

£. S. Pyocyaneas: 

50,000,000 

inflamed 


mnum 

3 

23 

mnum 

45 

innum 

normal 



0 

0 

0 

0 

0 

0 

edema fluid 



innum 

36 

40 

innum 

8 

innum 

spleen 



16 

25 

8 

1 

3 

8 

blood 

innum 

17 

0 

0 

0 

0 

0 

F. S. Frodigwsus: 

120,000,000 


inflamed 

() 

0 

0 

0 

0 

(} 

normal 

0 

0 

0 

0 

0 

0 

edema fluid — 

0 

0 

0 

0 

0 

0 

spleen 

90 

43 

tV’> 

92 

27 

51 

blood mnum 

37 
■=8 

25 

7 

18 

11 

(1 

s 

I 

n 

t 


50,000,000 


inflamed 


mnum 

15 

mnum 

103 


2.!.-) 

normal 


0 

0 

0 

0 


fl 

edema fluid 


innum 

123 

innum 

0 


innum 

spleen 

-- 

0 

7 

4 

6 


2 

blood 

50 

24 







55 


0 






26 



0 





8S 




0 




60 






0 


45,000,000 

inflamed 

77 


10 

82 

oO 

mnum 

normal 
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nlates the normal reticulnm to phagic aetivity, the reticular cells hc- 
comiiig finite like retieulo-ondothelium, engulfing intravenously intro- 
duced dyes and bacteria In addition, there takes place a sort of valve- 
iike action in the inflamed edematous tissues, pai tides are admitted but 
m)t so readily released. Bacteria or colloidal dyes can enter the area bv 
\\ay of the damaged catnllaries, but become mechanically enmeshed b'v 
the fibrm of the edematous tissues and the coagulated matrix. IMenkin 
has shown! that there is a block to the lymi)haties which pj-cvent.s exh 
hrough these channels. In our photomicrographs, the organisms could 
be seen m the reficulo-endothelial colls of the liver and spleen and in 
(he large reticular cells of the inflamed areas. 
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SURGERY 


CONCLUSIONS 

1. Lymiili flow is restricted tliroiigli an inflamed area as thougli a 
mechanical biock to the current exists. Dyes injected into the site have 
difficulty in diffusing out; dyes injected into the adjacent normal tissue 
have difficulty diffusing in. Some diffusible dyes (trypan red and indigo 
carmine) diffuse readily. 

2. Inflammation stimulates the local reticulum so that intravenously 
injected dye or bacteria are fixed in the inflamed area. TJie blood is 
cleared of circulating organisms in 15 minutes, the retieulo-endothelium 
(liver and spleen) lieing loaded with them. Api^arentlj^, the reticiflo- 
endothelium acts as a safety valve, but growth of organisms in these 
tissues within a few hours becomes too great for further retention, and 
the bacteria are permitted to ovei’flow into tlie general circulation. 
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UNIJ.SUAL liVJ’RA-ARDOJlINAL FORICKJA’ BODY 

llKitncjiT iK'LK, 5I.B,, F.A.O.S., BitooKFjVX, N. Y. 

/^ROS>SBi\ jitkI Crosscii’ in tiioir vohiinp. Foreign Bodies Lefi in fhc 
^ Abdomen, citccl a ease reported by V. J. Scliwarfz= where a clinical 
lliertnoriieter was removed fi-om the cso])ha"us In* esophagoscopy, also a 
ease I'cporloe] liy C, K'. Nutting/'’ who removed a swallowed clinical 
f lici’inometer hy milking it from the ee('inn into the appendix and then 
removing the appendix. 

So far as I can ascertain there are no reports of a thermometer having 
been removed from the abdominal cavity. 


CASR KEPonr 


A lioy, nged 12 years, was admitted Dec. 8, 1041. His chief complaint was 
abdominal pain for tlirec weeks. It started with sliarp, sticking p.ain in the niicl- 
epigastrium, which would come and go, and sometimes radiated to the right shoulder; 
there was also burning on urination, but no frequency. T)ie family doctor had found 
pus in urine one week prior to admi.'sion. During this week the patient vomited 
twice and had a chilly sensation. The mother stated that the boy had a poor 
appetite, was losing wciglit and getting pale. 

Past history revealed poliomyelitis at S .years of age, with no residual paralysis; 
he also had bilateral running ears at 10 years of age and was liospitalized at this 
time for ten days. All systems were essentially negative except burning on urination 
for three weeks prior to admission. 

Social history showed tlio patient to be one of four children, the mother divorced. 
Diet was stated to be adequate. 


Examination. — Twelve-year-old boy, anemic looking, not acutely ill, old 
healed perforated left drum. Neck, liim enlarged cervical nodes on left; chest, 
clear; abdomen, flat, slight tenderness in right lower quadrant; no masses, 
hernias, or palpable organs. Genitalia, normal male; rectal, negative; reflexes 
nemitive, no weakness or deformities; Wassermann, negative. Blood chemistry: 
Sugar, 93.0; urea nitrogen, 21.0; uric acid, 2.5. Complete blood count: Hemoglobin, 
63 per cent; red cells, 4,000,000; white cells, 10,750; neutrophiles, 52; monoc.vtcs, 0; 
lymphocytes, 41; eosinophiles, 1; and anisocytosis, 2 plus. Urinalj-sis: 1,02S, 
alkaline' sugar, negative; albumin, negative. Microscopic, many sulfathiazole 
‘ , , ^ X-rav: On Dec. 13, 1941, an intravenous pyelogram was made. A foreign 

6 an unbroken rectal thermometer measuring about 11 cm., was noted in the 
''r?' colon Dccup.ving the entire length of the ascending colon. Dee. 10, 1941, 
ascen lOg r means of barium enema sliowed the foreign body to be definitely 
examine wn lying in oblique position from behind, forward at an angle of 

outside 0 *e longitudinal axis of the lumbar spine, probably intra- 

about 30 degrees to 

peritoneal. 

. nf tire New York Gastroenterolodcal A.s.sociatlon. Oct. 30 , 

at a meetms 

■ . d for publication. Nov. 28, 1942. 
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Tlie patient ■was nccoptcii on suTgery from genitourinuTy service on Dec. 15, 1911. 
On Dec. 17, 1911, under open-drop etlier anesthesia, the abdomen wa.s opened by a 
right pararectus incision 1 cm. below the level of the umbilicus. 

Findmgs . — Foreign body (rectal thermometer reading 97.1° P.) rvas located in the 
right lumbar gutter at, and immediately above, the plane of the umbilicus; the 
long axis of the thermometer was Ijdng in the anteroposterior plane with the 
mercury bulb posterior and immediately adjacent to the posterolateral aspect of the 
ascending colon. The thermometer was definitely intraperitoneal although the bulb 
may have been retroperitoneal, inasmuch as that part was not visualized. The 
appendix was located lying free and containing a few small fecaliths, and was re- 
moved. The thermometer was removed by blunt and sharp dissection. 

Pathology . — 

Sinus Tract: Macroscopic: Membranous fragment of tissue measuring 3 cm.; 
•surface was smooth, glistening, and jvllow rn color-, outer surface was liemorrhagic, 
one portion felt firm and calcified. 



A. B. 

*''‘6- 1- — RoenlKcnoRvam .‘.lioamE clinical thermometer, A. Scout dim; B, barium film 
rnilrcatins tbermometer outside of confines of colon. 


il\cTosc(>iac of ,1/fmfirnnc.— Microscopic examination showed concentrate lavers of 
dense, partly hyalinizcd fibrous connective tissue devoid of lining. Portions'of the 
wall were infiltrated with round cell.-, other portions eontained deposits of caleitrnt 
crystals, while otliers show the presence of o.ssificntiotis. 

Pathologic Diagnonis.—I. Calcification and ossification of fibrous membrane 
3. Fibrosis of appendix. 

The patient had an uneventful conwilesccnee, and was discharged on the tentt. 
postoperative day. ^ icntn 

SFXtMARY 


1. A case is rojrorted in which the patient had a m-tal ther 
llic abdominal cavity. 


inometer in 


UNUSUAl. JiVJ'RA-ABDOJJINAI. FOIJEK^N BODY 

IlKuniciiT T. WiKi.K, JI.D., F.A.O.S., Biiooklyx, N. Y. 

C BOSSJ5N nm] Crojisoii' in (heir volinno, Forr.irjn Bodies Left in the 
Abdomen, eiled n ease reported by V. J. Sclnvartz^ wliere a clinical 
lliertnomcter was removed from llic esopliaf'iis by esopliagoscopy, also a 
ease rciiorled by G. K, Nutting/'’ wlio removed a swallowed clinical 
tiiermometer by milking it from the cecum into the appendix and then 
removing the a])j)endix. 

So far as I can ascertain (Iiere are no reports of a (liermomefer having 
been removed from the abdominal cavity. 


CA-SK KKPOnT 

A boy, aKcd 12 years, was adaiittocl Doc. 8, 1041. His cliief complaint ^^as 
abdominal pain for three wcek.s. It started with sharp, sticking pain in _ 

epigastrium, which would come and go, and sometimes radiated to the right shou er; 
there was also burning on urination, but no frequency. The family doctor had 
pua in urine one week prior to admission. During this week the patient romi e 
twice and had a chilly sensation. The mother stated that the boy had a poor 
appetite, was losing weight and getting pale. 

Past history revealed poliomyelitis at 0 years of age, with no residual 
he also had bilateral running ears at 10 years of age iind was hospitalized a n 
time for fen days. All systems were essentially negative except burning on urma ion 
for three weeks prior to admission. 

Social history showed the patient to be one of four children, the mother divorce 
Diet was stated to be adequate. 

Examination. — Twelve-year-old boy, anemic looking, not acutely ’b “ 

, nerforated left drum. Neck, firm enlarged cervic.al nodes on left; chest, 

T akdomen flat, .slight tenderness in right lower quadrant; no masses, 
f '/of palpable organs. Genitalia, normal male; rectal, negative; reflexes 
'rgative no^wLkness or deformities; Wa.ssermann, negative. Blood chemistiy. 



lyeqihocytes, fli ' yneroscopic, ...any suIfatl.iazole 

alkaline, 1941, an intravenous pyelogram was made. A forei^ 

crystals. rectal thermometer measuring about 11 cm., was ^ 

body, an unbr entire length of the ascending colon. Dec. 1C, 1. 41, 

ascending * barium enema showed the foreign body to be definitely 

examination by mea ^ an angde of 

outside of the colon probably mtra- 

about 30 degrees to 

peritoneal. Gastroenterolonlcal As.soci.atlon, Oct. 30, 

♦nri at a meeting oi 

presented ^ 

1942. ^ publication. Nov- -8. 
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TRAUMATIC RUPTURE OP THE SPUEEN WITH DELAYED 

HEMORRHAGE 

With Reference to the Condition as a Complication of Rib 
Fractures; Report op Two Cases 

Richey L. Waugh, i\LD., P.A.C.S., and John A. Prior, il.D., 

Boston, IMass. 

(From the Svrgical Service, U. S. Marine Eos^piiai, Boston) 

D elayed hemorrhage is an unusual and an extremely dangerous 
complication of splenic injury. Until recently there has been 
relatively little literature on the subject and apparently it is not gen- 
erally realized that splenic rupture may be associated with fractures 
of the ribs on the left side. 

Much of our present better underetanding of the subject is due to 
the contribution of Mclndoe^® who, in 1932, collected and re%'iewed 
forty-six cases of secondary hemorrhage following injury to the spleen. 
Of these forty-six eases with delayed hemorrhage, there were ten cases 
(22 per cent) associated with fracture of the ribs, which, like other 
associated conditions, often completely masked the underlj'ing splenic 
injury. Wright and Prigot,^= in their very excellent paper on the sub- 
ject, give credit to Chaliei*,® in 1927, as the first to report the occur- 
rence of traumatic rupture of the spleen as a complication of rib frac- 
ture. Chalier in his article, however, refers to two other cases previ- 
ously reported, one by Pierre Duval and tlie other by Guibe. It was the 
opinion of Chalier that traumatic rupture of the spleen could occur only 
with fracture of the ribs but that the latter usually was unrecognized. 

In this connection there should be noted Hinton and Steiner’s"^ series 
of 279 cases of fractures of the ribs serious enough to warrant hospitali- 
zation, of wdiicli twenty-nine (10.4 per cent) resulted fatally. Of these 
279 patients with fractures of ribs, there were tw'o with rupture of the 
spleen. Furthermore, both of these cases by slowly progressing primar 3 ' 
hemorrhage terminated in death, one on the second and the other on the 
sixth day. According to iMcIndoe,=® the syndrome of delaj’ed hemor- 
rhage following splenic rupture is definite and should include only those 
cases in which the primary rupture is followed by complete, or almost 
complete, hemosta.sis for a latent period of more than forty-eight hours 
and then a delayed hemorrhage of dramatic onset and fulminating char- 
acter. Jlelndoe also states that patients should not bo included in this 
category who gradually sink under the influence of a slowly progressing 
splenic hemorrhage, even though the duration of symptoms is more than 
forty-eight hours. 

UecoIvtMl for rubllc,.rUon, Dec. 7 . 1912. 
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of a left pneumothorax. The ahdominal examination revealed no areas of tender- 
ness and no masses were palpated. Urine examination was reported as containing 
sugar and numerous fine granular and hyaline casts. The blood Wassermann was 
negative. 

Roentgen examination of the chest showed fractures of the tenth, eleventh, and 
twelfth ribs, left, at the posterior axillarj' line. 

The diagnoses were multiple fractures of the ribs, left and subcutaneous em- 
physema. The treatment was chest strapping and bed rest. 

Ror the following two days he continued to complain of severe pain in his 
left chest. The subcutaneous emphysema, although not marked, was noted to be 
present over the entire left side extending from the left occipital region down to 
the left iliac crest. During this time he had several small hemoptyses. On the third 
day the emphysema began to lessen and it was barely noticeable by the fifth day. 
However, at times he complained of slight faintness with nausea and he vomited 
on several occasions. Also, the sputum became more productive and was frankly 
purulent and bloody. The abdomen remained soft and no distension was noted. 
Roentgenograms of the chest were repeated and showed partial obliteration of 
the left costophrenic angle with findings suggestive of slight degree of hemo- 
pneumothorax. The patient, although showing general improvement, was kept 
in hed during this period. However, during the evening of April 8, 1037 (fifth 
day), he got out of hed and went to the bathroom, where he collapsed. The 
patient was immediately returned to hed and except for moderate pallor did not 
show any apparent ill effects of the episode. The blood count, however, showed 
red cells 2,350,000 and hemoglobin 50 per cent, and internal hemorrhage was 
suspected. 

The next day (the sixth day after injury) the patient, although stating that 
he felt better, showed a marked pallor. Now the abdomen was moderately dis- 
tended and tympanitic with definite tenderness in the left upper quadrant. The 
temperature was 99.2° F., the pulse rate 122, and the respiratory rate 24. The red 
cell count was 1,700,000 and hemoglobin 40 per cent. Sugar and granular and 
hyaline casts were again reported in the urine (he had received no intravenous 
dextrose solution). The probability of hemoperitoneum due to traumatic rupture 
of the spleen was considered and exploratory laparotomy was advised. 

Opernfion. — On April 9, 1937, following whole blood transfusion, a laparotomy 
was done under spinal anesthesia using lo mg. of pontoeaine. There was much 
dark and also much bright red blood mixed with clots in the left half of the 
ahdominal cavity. The spleen was found to he ruptured transversely in the mid- 
portion and surrounded by many blood clots. After clamping and doubly ligating 
the pedicle, the spleen was removed. Two Penrose drains were placed in the lateral 
angle and the wound was closed in laj-ers. 

Postoperative Course.— The immediate postoperative condition of the patient 
was very good and tiic subsequent convalescence was uneventful. Repeated urin- 
alyses were negative. The serial blood counts during convalescence are shown in 


Table II 


SiiowiNo Semat, Blood Cousts Dunixr. Pemod of Coxvalesckxce 
Splf.sectomy (Casf. 1) ‘ 


DATE 

n,i5.c. 

n». 


TIStF, AFTER 
SPLEXECTOMY 
(d.ays) 

4/22/.-i7 

4/n8/,37 

2,i.*)U,fJ00 

3,100,000 

•I.IOO.QOO 

oO 

60 

S3 

■Hi iiH 

WKmi IIB 

- __ 

13 

19 



SimiVMY 


J2() 


Cl ideal review of eases piil)]iH)ied in llie A 7 )icrican anil 
■.tifrM.s'ii /iferadire siiiee .Meliuloe’s rejxwl, we Jiavc found Iwent.v-two 
eases (see i’ali/e {) fulfill i,ix eriferia. Tiiis brings the total of re- 
ported eases of delayed lieinorrJiafre to sixty-ei<rlif. ^Ve wish, ia this 
eoininuniealioii. to I'oporf fu'o additional eases both of wliieli were com- 
plicated by ril) fractures on the left side. Tliese two ea.sc.s bring up the 
total reported eases of sjjlenic riiplnrc with delayed hemorrha?e to 
seventy, with the total eoiniilienting fractures of the ribs to eighteen 
{20 per cent) (see Table 1). 


Taiii.k I 


^UMiiKii or l?Ki-or,Tr,i> C.vsr.s or Tk.mt.m.vtic Vn-rune or .spj.kk.v With Delayed 
lihMonuiiAoE, Late.n't Pr.iinm, a.n'o Ni-.miiem or Ca.ses Associatei) 1?ib rr.AcrijRE 


YF.Ai: 

. ATJTIIOU 

KTMnKr: or 

CASKS i-.'TK.vr m:ror> 

^’TJ^rBE^v 

ASSOCIATED 

irinr m 
FRACTUnES 

1SI32 

..Mclndoo (45 ciifos col- 


“4S ]»r. lo C nio. 

10 

in.3.3 

lecfcil and 1 of own) 
Wells 

4(1 

1 

uvornge S to rl.a^’S" 

i? (7/1 r5 

0 

193-1 

Dodd 

9 

(I) 2j dnvs; (2) 7 davs 

0 

1935 

Bronaugh 

1 

4 davs 

0 

19.35 

Gardiner 

1 


0 

1935 

Hunter 

1 

0 (lavs 

0 

1030 

Lovntt-Wengcr 

1 

7 dai'S 

I 

1937 

Bonfield 

1 

2 days 

0 

1937 

Ghey 

1 

4 davs 

0 

1938 

Guy 

2 

(1) 10 days; (2) 15 davs 

1 

1039 

Webb 

1 

4 davs 

0 

1939 

Wright and Prigot 

2 

(1) 14 days; (2) 21 days 

1 

1940 

Foster and Prey 

1 

C days 

0 

1940 

Puettow 

1 

3 (lays 

0 

1940 

Steenrod 

1 

14 daj's 

1 

1940 

Fey and Turow 

1 

9 davs 

1 

1941 

Denver 

1 

23 days 

1 

1941 

Eousselot and Illyne 

1 

15 davs 

0 

1942 

Harkins 

1 

4 davs 

0 

19-12 

Dommen 

1 

7 days 

0 

1942 

Waugh and Prior 

2 

(1) 5 days; (2) G days 

2 


Total 

70 


18 


Case 1. — W. H., white, agec.1 32 years, was ailmitted to the liospital* 2:00 P. M. 
on April 1937. He complained of pain in his left chest accentuated by deep 
breathing. The history was that at about 10:00 P. Jr. April 3, 1937, while 
walhin^r across a street, he had been “knocked unconscious for about ten minutes’’ 
rvhen struck on his left side by an automobile. He had been ambulant, but the 
■ left chest had been const:mt since the injury. There was no heirroptj'sis 

and no dyspnea. The history otherwise contained nothing of importance. 

physical examination at the tirrre of admission to the liospital sliorved fho 
f t to he ambulant, fairly well nourmhed, and not acutely ill. lie had a 
tiirc of 99.8° F., a pulse rate of 80, and a respiratory rate of 20. Tlierc 
temper,^^ laceration over the right temporal region. In the region of the 

was a s jgft^ posterior axillary line, there was a soft ma.ss about 

eighth ° diameter. This mass was tender and gave a crackling sensation 

four in® >6 crackling sensation also extended over the entire loft chest 

upon P*’*Pf . -f subcutaneous emphysema. Tiro chest findings were fliose 
and was indicatir 

— e frtljAV) at the IT. S. Marine Hospital, New Orleans. Iji. 

•Treated by one of tts (ii- ■ 
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Operation . — On June 9, 1941, laparotomj' was performed under spinal anesthesia 
using 15 mg. of pontocaine. On opening the abdomen there was marked gushing 
of dark red blood. The spleen sliowed multiple laecrations, and there was at least 
one quart of dark clotted blood present. The spleen was removed and the abdomen 
closed in layers with a Penrose tube inserted through a lateral stab wound. Im- 
mediately after operation the patient was given a transfusion of 500 e.c. of whole 
blood. 

Postoperative Course . — The patient’s immediate postoperative reaction was 
satisfactorj-. Although he appeared pale and weak, he stated lie felt greatly im- 
proved. The blood count the day after operation was red cells, 2,500,000, white 
cells, 7,650, with neutrophiles 68 per cent and hemoglobin 45 per cent. The highest 
temperature was 101° F. on the third day after operation, but this had returned 
to normal by the seventh day. Convalescence was uneventful except for a hema- 
toma in the lateral portion of the incision. The wound, however, healed rapidly 
after excision of the hematoma. He was discharged as recovered on July 24, 1941. 

The blood counts taken in tire course of the patient’s convalescence and in 
the follow-up, showing the ph 3 -siologie leucoct-tosis and lymphocytosis, are given 
in Table III. 


Table HI 

Showing SEniAL Blood Counts During Period of Convalescence After 
Splenectomt (Case 2) 


date 

R.B.C, 

Hb. 

W.B.O. 

POLT- 

MORPHO- 

NCOLEAR 

(PER 

CENT) 

oerrEs 

(PER 

cext) 

MONO- 

CYTES 

(PER 

CENT) 

TIME AFTER 
SPLENECTOSIY 


2,500,000 

45 

HK f 



2 

1 dav 

6/19/41 

3,000,000 

oO 

^RtTTi 

78 

19 

1 


7/ 1/41 

4,100,000 

00 


72 

26 

2 

22 days 

7/ 7/41 

4,200,000 

61 



.39 

1 

28 davs 

7/17/41 

4,900,000 

79 


48 


2 

38 days 

10/ 7/41 

5,200,000 

S5 

8,850 

62 

34 

o 

4i 

4 months 


The report of histopathologic examination of the spleen was as follows: 
“Gross: The spleen measures 14.5 by 9 by 5 cm. and weighs 260 Gm. The 
capsule and the parenchj-ma are ruptured at several places. There are areas 
where the capsule is pulled into folds. There are several large subcapsular hemor- 
rlrages. The surface of the spleen is covered in many places by th'ick blood clots. 

" jiticroscopio; There are occasional areas of the spleen which are congested 
and there are interstitial hemorrhages which appear some days old. No other 
significant pathologj- is seen. 

“Diagnosis: Multiple lacerations, spleen.’’ 


rOAlMEXT 


In splenic rupture with delayed hemorrhage, the so-called latent or 
silent period may last from forty-eight hours to six months. The ma- 
jority, however, are from four to six days. This silent period is more 
comparative than absolute, because in many cases there is evidence of 
some underlying injury, jiarf icnlarly persistence of pain in the left 
sue Also, there may be an accompanying slight increase in splenic 

I Ts'dimt" tf’* of fl'o abdomen, 

and ns a rosttl 'diagnosis is most difficult 

result many lives are lost from delay in operation. Close 
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( lio roport 01 histopalholoKic (‘Xiiininiition of tlie fiplccn wis as follows; “Ex- 
lonsixt’ 111 CMS of old imd rccout piilj) llironiljosis are prt'snnt; the older areas are 
uiiiririnalcd by doposils of Wood, j)ifrtiu‘nt and infillralion of poh-inorplionuclear 
k’lieoe.ites. Jlomorrlniii'u; cxlravasations are present lieiicatli the capsule and a 
lieax'y deposit of fibrin is jiresent ujion it. 

''Diiiffiiosis: Traumatic infarction of tlio sjileen.” 


Cask 2. ,T. B., wbilo, afjed d.'l ycur.s, iva.s admitted to tbe hospital on a stretcher 

at G:0-I i‘. .M. on .luno 10-Jl. lie complained of jiain in the left chest, particularly 
ujion motion or deep lireathin{r. lie had been well until 4:00 P. Jr. of that day, 
at which time he had fallen sidewise striking’- his left chest over a narrow hai. 
Ifo stated that the injury had “knocked the wind out of me.” The remaining 
history disclosed nothing- of importance. 

Physical e.xaniination revealed a woll-dcvclopcd and nourished white male 
lying in bed but in no apparent distress, lie had a temperature of 98° F., pulse 
rate of 72, and respiratory rate of 20. Examination of the chest showed slightly 
limited expansion on the loft. There were two transverse reddened welts over the 
lower left chest beginning about 6 inclic.s below the left nipple and extending 
laterally to tlic jiostcrior axillary lino. The area was tender and painful upon deep 
respiration or manual eouipre.«sion of the chest. There was no local swelling 
and no ccchymosis present. The lungs were clear. Tlie Iieart showed no signs of 
enlargement and tlie sounds were normal. The blood pressure was 106 systolic and 
74 diastolic. 

The examination of the abdomen sliowed no tenderness or muscle spasm and 
no masses were palpable. Physical examination was otiierwise negative. 

Tlie urinalysis and tlio Hinton and Kalin blood tests -were negative. The loent- 
genogram of the cliest revealed fractures of the eighth, nintii, tentii, and eleventh 
ribs, left, at the anterior a.villary line and a fracture of tlie eleventh rib, left, 
about two inches distal to the costovertebral articulation. 

The diagnosis was multiple fractures of the ribs, left. Although considerable 
relief of pain was obtained for the patient by chest strapping, further observa- 
tion of liim as a bed patient was advised. 

The following day, the patient complained of slight nausea in addition to 
the pain in the left chest. However, tliere was no vomiting and no cough. The 
temperature was 99° F., tlie pulse 96, and the respiratory rate 20. The abdomen 
showed slight distension, and there was slight tympanites upon percussion. How- 


ever, there was no abdominal tenderness, even upon deep palpation. 

During the next few days tlie patient continued to improve. His only com- 
plaint was discomfort in the lower left chest. There was no nausea or vomiting. 
The slight abdominal distension and tympanites were no longer present. However, 
the temperature varied between 98 to 100° F., the pulse rate from 80 to 100, and 
the respiratory rate from 18 to 24. 

In the afternoon of June 9, 1941 (six days after the injury), the patient 
molained of sudden onset of pain in the left upper abdomen associated ivith 
'derable weakness. He soon became dyspneic and appeared quite pale. His 
rature dropped to 97.6° P,, his pulse rate rose to 130 with only fair volume, 
rh respiratory rate became 28. Examination of the abdomen showed diffuse 
A more marked in the upper left quadrant. Tliere was moderate dis- 

ten . I „jj^ dullness in the flanks, particularly on the left. Ballance's 

tension an Hehr's sign was absent. 

sign was pr count at this time showed red cells 3,100,000 and white 

A comp e e iligcrential white cell count was 85 per cent neutropliiles, 12 
cells 18,250. and 3 per cent monocytes. The hemoglobin was 01 per cent. 

per cent lymp 0<!y reported as showing anisoeytosis and hypochromia. 

The red blood ee s j^g^eum probably flue to rapture of the spleen was 

ml.., yliftrmosis Ot . - 


The “ operation was advised, 

Ac and immediate operau 


made and 
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Operation. — On June 9, 1941, lapaxotomy vras performed under spinal anestliesia 
using 15 mg. of pontocaine. On opening the abdomen there rvas marhed gushing 
of dark red blood. The spleen showed multiple iactrations, and there was at least 
one quart of dark clotted blood present. The spleen was removed and the abdomen 
closed in layers with a Penrose tube inserted through a lateral stab wound. Im- 
mediately after operation the patient was given a transfusion of 300 c.c. of whole 
blood. 

Postoperative Course . — The patient’s immediate postoperative reaction was 
satisfactory. Although he appeared pale and weak, he stated he felt greatly im- 
proved. The blood count the day after operation was red cells, 2,500,000, white 
Cells, 7,650, with neutrophiles 6S per cent and hemoglobin 45 per cent. The highest 
temperature was 101° P. on the third day after operation, but this had returned 
to normal by the seventh day. Convalescence was uneventful except for a hema- 
toma in the lateral portion of the incision. The wound, however, healed rapidly 
after excision of the hematoma. He was discharged as recovered on July 24, 1941. 

The blood counts taken in the course of the patient’s convalescence and in 
the follow-up, showing the physiologic leucocytosis and lymphocytosis, are given 
in Table III. 


Table III 


Showing Sewal Blood Counts During Period oe Convalescence After 
Splenectomy (CvAse 2) 


date 

R.B.C. 

Hb. 

W.B.O. 

POLY- 

MORPHO- 

KrOLEAR 

(per 

CENT) 

LTAIPH- 

0C7TES 

(PER 

CENT) 

MONO- 

CYTES 

(PER 

CENT) 

TI3rE AFTER 
SPLENECTOMY 

6/10/41 

6/19/41 

V 1/41 
f/ 7/41 
7/17/41 

10/ 7/41 

2.500.000 
3,000,000 

4.100.000 

4.200.000 

4.900.000 

5.200.000 

45 

50 

55 

61 

79 

85 

7,650 

16,250 

14.600 

13.600 
17,000 

8,850 

68 

7S 

72 

60 

48 

62 

20 

19 

28 

39 

50 

34 

2 

1 

0 

1 
o 

id 

2 

1 day 

10 days 

22 days 

28 days 

38 days 

4 months 


The report of histopathologic examination of the spleen was as follows; 
“Gross: The spleen measures 14.5 by 9 by 5 cm. and weighs 260 Gm. The 
capsule and the parenchyma are ruptured at several places. There are areas 
"here the capsule is pulled into folds. There are several large subcapsular liemor- 
i 'ages. The surface of the spleen is covered in many places by thick blood clots. 

Murroscopio: There are occasional areas of the spleen which are congested 
anf there are interstitial hemorrhages which appear some davs old. No other 
s'^ificant pathology is seen. 

Diagnosis; Multiple lacerations, spleen.” 

COMMENT 

In splenic niptvire with delayed hemondiage, the so-called latent or 
SI eut period may last from forty-eight hours to six nionth.s. The mn- 
JOfd}, however, are from four to si.x day.s. This .silent period is more 
ninparative than absolute, becau.se in many ease.s there is evidence of 
sidT injury, particularly persi.stenee of pain in the left 

ihill accompanying slight increase in splenic 

It"^'*** ligidity in the left upper quadrant of the abdomen, 

tluring this period of silence that the diagnosis is most difficult 
^ result many lives are lost from delay in operation. Close 
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oijsorvatioii fluriiifr tliis is most ess('nlinl. The fatality rate of 

UJitioaled delayed lieiiiorrlia^re eases lias been repni-tcd to vary from 
.)() to TOO per eiait wliieli is the same as for untreated priinaiy hemor- 
1 liatre eases. IMelndoe-'' in bis review stated tliat of the 46 ca.ses, there 
uere 7 ]rationts who died of sceondary beniorrlia^e before operative in- 
tervention could be attempted. 

ideCartney-' reviewed 26,000 eonseeutivc autopsies performed at the 
Univei'sity oi ^Minnesota and found no instances of healed splenic in- 
juries. In this eonneetion. Hell" is unable to recall any instance of 
autopsy findings indicating spontaneous recovery from a traumatic rup- 
ture of the spleen. Also, "Wright and PrigotV^ review of 3,000 an- 
tojisies at Ilarlein Ilosjiital showed no evidence of healed injuries to 
the spleen. Novak^" and Starr, on the other hand, report instances of 
healed injuries to the spleen ob.scrvcd in eadavera. 

The onset of delayed hemorrhage is usually very abrupt and is fol- 
lowed by the classical signs of primary rupture, i.e., shock and severe 
abdominal pain, tenderness and rigidity. Also, very often it vdll be 
noted that the acute onset of symptoms is preceded by some slight effort 
such as coughing, sneezing, or bending movements. If the patient re- 
covers from the initial collapse, the signs of internal hemorrhage soon 
become manifest. Increasing and nonshifting dullness in the splenic 
region and left lower quadrant of the abdomen (Ballance’s sign) with 
signs of free fluid in the right lower quadrant is usually present. Also, 
there maj' he pain referred to the left shoulder .(Kehr’s sign) and eleva- 
tion of the left leaf of the diaphragm. Wright and Prigort^ recommend 
abdominal tap as a diagnostic measure and state that it was of positive 
value in thirteen of the fifteen times that it was used by them. 

The pathologic changes which occur in delayed hemorrhage may be in 
the form of (1) a minor superficial capsular rupture Avith ecchymosis 
and also hemorrhage, (2) an intrasplenie hematoma and subcapsular 
hemorrhage Artth subsequent capsular rupture, or (3) a capsular and 
parenchymal rupture Avith au encapsulated perisplenic hematoma Avith 
the omentum tending to wall off the lesion. 

The treatment is always surgical, splenectomy being the operation 
of choice. Tamponade has been resorted to but is generally condemned 
because of its uncertainty in controlling the bleeding. Hinton,^- on 
the other hand, reports the case of a 14-year-old boy Avith a splenic rup- 
ture folIoAved h3" dela3'ed hemorrhage, aa-Iio made an excellent recoveiy 
f 11 ino- a tamponage operation. Blood transfusion may be necessary. 

TU ^removal of the spleen has not been found to produce any ill effects. 

^ r • Naen-eli=" and others^'- ” liaAm noted in some instances a 
Snlcrtosis and lymphocytosis for a transitoiy period up to si.x months. 

• fn" side light is that autoplastic transplantation of splenic 
An inter^ i ,= rjeritoneal cavity folloAving splencctoniA' for traimintic 
tissue AVithm ^ observed 63' Buehbinder and Lipkofl ■ 
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and others. These implants of splenic tissue have been designated as 
“splenosis” and apparently are more likely to occur in young individ- 
uals who survive traumatic rupture of the spleen. It has been shown 
that these bodies or implants have the same structure as normal spleen, 
and that any function that these ti’ansplants might have would be that 
of normal splenic tissue. 

Kracke and Garver”^ point out that lymphatic tissue is widely dis- 
tributed throughout the body. The spleen, is said to contain normally 
from one-third to one-half of the lymphoid tissue of the body and ap- 
proximately one-fourth of the reticulo-endothelium. The immediate 
effect of the removal of the spleen is simplj' a sudden decrease in the 
amount of lymphoid tissue. This causes a sudden increase in the 
formed elements of the blood. Following this there is usually a gradual 
compensation in the form of a slight generalized lymphoid hypertrophy 
so that Avithin a feiv months the indwidual may have nearly as much 
functional Ij’mphatie tissue as he had before the splenectomy. The 
blood picture then, ivithin a few weeks to a year, reverts to normal. 

Ziegler‘S does not believe that the disappearance of leucocjdosis and 
lymphocytosis necessarily signifies the presence of autoplastic trans- 
plants. It is reasonable, however, to conclude that autoplastic trans- 
plants of splenic tissue, if large enough, might assume, along with the 
other lymphatic ti.ssue of the body, the function of the absent spleen. 

In this connection. Boyd’ presents some interesting observations. In 
some invertebrates the splenic tissue is not collected into a definite 
organ but is found scattered beneath the serous coat of the gastro- 
intestinal tract. Some of the higher fish exJiibit splenic tissue which is 
divided into separate nodule.s. In man it is not uncommon to find 
acee.ssoi-j' spleens. One case was reported in which there was no spleen 
but 400 spleniculi. Cases of congenital absence of the spleen have been 
reported. It is common knowledge that the .spleen is not essential to life 
as has been ivell demonstrated by surgical removal and by eases of con- 
genital absence. 

SUMMARY 


1. The subject of traumatic rupture of the spleen followed by delayed 
hemorrhage is reviewed briefly and discussed Avith particular reference 
to the condition as a complication of rib fractures on the left aide. 


2. The criteria for delayed hemorrhage following splenic rupture as 
stated by Meindoe is emphasized. In a rather critical revicAv of cases 
published m the American and English literature including those of 
.yclndoe. we have found a total of sixty-eight cases of splenic rupture 
folloAved by delayed hemorrhage tliat fulfills his criteria. Tavo addi- 
tional cases arc reported, both of which Averc complicated bv rib frnc- 

reported ea.ses 

f I'uc lupturo with delayed hemorrhage to seventA', with the total 
‘■<->»P<H-atmg fr„,.t«rcs of the ribs to eighteen (26 per emit). 


SHROKRY 


KJ2 


H. It is reasonable to coneliirle that in traumatic rupture of the 
spleen, cither ■with oi‘ without delayed hemorrhage, a considerable niini- 
her of associated rih fractures on the left side are overlooked. Tlii.s is 
due, no doid)t, to attention being focused on the more important intra- 
ahdominal traumatisms and the failure to have roentgenograms made 
in all such eases. Therefore, hecanse of this frequent as.sociation, it 
woxild seem wise to hear in mind the passihilit.v of splenic rupture 'xvith 
delayed hemorrhage in all patients with i-ih fractures on the left side. 

4. It is during the so-called latent or silent period that the diagnosis 
of splenic rupture is most diflienlt or impossible and death may resxdt 
from delay in operation. Clo.se observation during this period is most 
assential. 

5. The onset of delayed hemorrhage is usually very abrupt and is fol- 
lowed by the classical signs of primary rupture, i.e., shock and ab- 
dominal pain, tenderne.ss and rigidity. 

G. The pathologic changes which occur in delajmd Iieinorrhage are 
described. 

7. The treatment is always surgical, splenectomy being the operation 
of choice. The removal of the spleen does not produce any ill etfects. 
In some instances leucoc.vtosis and lymphocytosis have been leportec 
for transitoiy periods up to six months. 

8. Attention is called to the autoplastic transplantation of splenic 
tis.sue within the peritoneal cavity following splenectomy for traumatic 
rupture of the spleen. These implants have been observed by several 
authors and have been designated as “splenosis”; apparently t lej aie 
more likely to occur in young individuals wlio survive traumatic rup- 


ture of the spleen. . . , 

9 Autoplastic transplants of splenic tissue within the ' 

eavity assume, very likely, along with other lymphatic ^sue of 
iodv the function of the absent spleen. However, the possible i elation- 
ship between these autoplastic transplants and the disappearance o i 
wocxdosis and lymphocytosis is not definitely laiown. In this con- 
etion attention is called to some invertebrates in which tie sp eni 
nTcollected into a definite organ but is found scattered be- 
neath the serous coat of the ga.strointestmal tract. 
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SURGTGAh SiriNlFlCANCE OF THE ^^IIDDLE PAMIAR 
SEPTn]\I OF THE HAND 

>T. ]3i>\vari) Flykx, jr.D., Boston, AIass. 

/CONSIDERABLE coni rovcrev Juis been I'aised during the past few 
years aijotif (Jie middle palmar sephim of the iiand. Some in- 
vostigaiors deny the existcjiee of a middle palmar which divides the 
Iiand into two main fascial spaces. Other investigators admit the ex- 
istence of tins septum, but state that the .septum is so thin that it can 
be no barrier to infection. 

ICanavel described a fascial .septum wliich arises from beneath the 
flexor tendons of the mid-finger, with its deep surface fusing with the 
fibrous tissue oA'crl.ving the middle metacarpal bone. He states that this 
septum divides the palm into two main fascial spaces, the thenar space, 
and the niidpalmar space. 

Briekel states that in his dissections and injections no special septum 
was found extending from beneath the flexor tendons to the middle 
metacarpal bone. 

IfETHODS 

There were two methods of investigating the middle palmar septum: 
Anatomic dissection of hands rvith especial cbnsideration of the fascial 
distribution and clinical study of deep fascial space infection of hands. 

Anatomic Dissection . — One hundred hands were dissected with es- 
pecial consideration of the fascial distribution. Anatomic dissection is 
considered the most important method in investigating the distribution 
and structure of the middle palmar septum. 

Clinical Study . — One hundred cases of deep fascial space infection 
of the hand were studied at the Boston City Hospital. This method 
was of value in determining the localization and course of infections in 
the deep fascial spaces of the hand. This method also gives one an 
understanding of the adequacy of the middle palmar septum as a bar- 
rier in the prevention of spread of infection from one deep fascial space 
to another. 

Anatomic Investigation. — Some luiowledge of the entire fascial dis- 
tribution of the hand is of value in arriving at an understanding of the 
middle palmar septum. One longitudinal and one transverse incision 
carried through tlie cenler of tlie palm. The skin and siipei-fieial 
'' ■ were reflected baelnvard. The supeifleial fascia connects the skin 

fascia palmar aponeurosis, and was found to be composed of 

lepta^vlnch are iisually longitudinal in their direction. 

10. puancatlon. Pec. CC. mm 
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The palmar aponeurosis was cut from its proximal attachment with 
the palmaris longus tendon and transverse carpal ligament, also from 
its medial and lateral attachments, and reflected baclrward. 


The central, medial, and lateral parts of the palmar aponeurosis have 
l)een often, and well, described. However, some attachments of the 
palmar aponeurosis have not been well described. The palmar aponeu- 
rosis is a part of the fibrous investment of the entire hand, and is a 
complicated structx\re in the mid-palmar region. From the superior 
surface of the palmar aponeurosis longitudinal septa, the superficial 
fascia are given off and are attached to tlie superjacent sldn. Prom 
the distal one-third of the deep surface of the palmar aponeurosis, septa 
are found which Imcome firmly attached to the subjacent interosseous 
and adductor fascia (Fig. 1). These septa divide the distal part of 
the mid-pahnar space into smaller compartments. They also separate 
the flexor tendons from the lumbrical muscles. The central part of the 
palmar aponeurosis also gives oft’ two larger septa from the medial and 
lateral aspects. These septa are deeply continuous with the interosseous 
fascia, and separate the collateral from the intermediate group of mus- 
cles of the palm. 

Another distinct thin layer of fascia is found deep to the palmar 
aponeurosis. This is the so-called subaponeurotic layer of fascia and 
seems to supply the greatest confusion in descriptions of fascia of the 
hand (Fig. 1). 

The thin sulmponeurotic layer of fascia follows the internal aspect of 
the palmar aponeurosis, but in no place is attached to it. It is distinct 
over the floor as well as the roof of the palmar cavity. The thin sub- 
aponeurotic fascia surrounds and intenvinds the flexor tendons and 
holds the tendons in a semifixed position. The middle palmar septum 
has its origin from the subaponeurotic fascia, beneath the flexor tendons 
of the mid-finger. 


'J'hc Middle Palmar Scplnm . — A definite septum of thin fascia was 
found arising from subaponeurotic fascia on the undei-surfaee of the 
flexor tendons of the mid-finger and attached to the periosteum of the 
middle metacarpal l)one throughout its entire length. This sui-o-icallv 
important septum was found in each of the 100 cases e.xamined and 
divides the palmar cavity into mid-palmar and thenar spaces (Fig. 2) 
The septum extends proximally at least as far as the di.stal edge' of the 
fransver.se carpal ligamenf. In 25 per cent of eases the septum extended 
one incli proximal to the distal edge of the transverae carpal lin-amenl 
into the carpal tunnel (Fig. 3). - 


Tlie nuddlc palmar septum as-sumes a definite structure. Tins septum 
IS a single membrane as it leaves its attachment to the middle meta- 
carpal mm. The distal one-half of the septum splits in a Y-.shaped 
A non. ,e medial arm of the Y is continuous with the subaponeurotic 



1.3G 


SIJK(!KUV 


fascia, bcncatli Ihc ilcxor Iciidons of liic niid-fmger, as it forms the 
lateral boundary of the inid-palniar space (Fi'j. 3). 

The lateral arm of the Y courses laterally as it forms part of the 
medial boundary of the thenar space (I'^ig. 4). As this lateral arm 
courses laterally, it surrounds the flexor tendons of the index finger, 
cover's the adductor irollieis muscle loosely, and then continues over the 
lateral edge of the adductor muscle to be attached to the posterior aspect 
of the adductor pollieis muscle. 



t tl,p fact that this mid-palmar septum divides the palmar 
In view of t e ^p^ecs, it scenes appropr.afc o dc- 

cavity into 1 1 ‘ spaces as found in the anatomic di.sscc- 

seribe the boundaiie- 


tions. 
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The Mid-Palmar Space . — The mid-palmai- space extends from the 
middle of tlie middle metacarpal bone to the radial side of the meta- 
cai-pal bone of the little finger. The anterior boundary is foi-med by the 
fle.xor tendons of the middle, ring, and little fingers, the third and 
fourth lirmbrieal muscles, and the thin subaponeurotic fascia rvhich con- 
nects these tendons and muscles. The posterior boundary is composed 
of fascia, covering the second and third volar interosseous muscles, and 
the third, fourth, and fifth metacarpal hones. The medial boundary 
is the fascia on the radial side of the hypothenar muscles. The lateral 
boundary is the middle palmar septum which extends from the under- 
surface of the flexor digitorum profundus tendon of the middle finger to 
the middle metacarpal bone. The distal boundary is composed mainly 



.iL'irX!'.'' ’"''''>10 painmr «,ptuin comlnK from tlie under .«:urface of iho 
into a^mlXoar 1 .“ tliUdinp the pata 


of septa whicli extend from the palmar aponeurosis to the floor of tire 
spare, and some transvci-se fasciculi The distal boundary is found about 
- cm. proximal to the wclis of the fingers. The proximal boundai-v is a 

Irnament. However, despite tlie location of the proximal fasdal 
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hoiiiKli'ii’y, .•ibsco.ssc.s do not loud to enter iJie carpal tunnel. In the 
(li.stiil ono-lliird of the floor of the niid-palinar .space, .small compartments 
arc fornicrl as .se])la coming from the under .surface of the palmar 
aponeuro.siR, and arc attaelicd to the fascia of the volar interosseous mus- 
cles (Pig. .5). 
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The. Thenar Space . — The theiiar space is bounded posteriorly by the 
adductor pollieis muscle. The medial boundary is the middle palmar 
septum ^Yhich extends from beneath the flexor tendons of the mid-finger 
to the middle metacarpal bone. Proximally, the boundary is formed by 
thin fascia, a portion of the adductor fascia, v.mich is found at a level 
of the distal edge of the transverse carpal ligament. The anterior 



Coor of miii-p.-iliimr .mil tlioniir spaeps. Senta art- uni-r, 
in Y-sli.-viJl fn,hio;, "alniar septum is seen as it'dividS 

bouudavy is the thin subaponeun.tie fascia, formed as the middle palmar 
septum spins and courses laterally. In its lateral course, the fasS en 

Si’™, ‘m'Tu T 

le, and is attached to the dorsal edge of this muscle. 
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Tin's (list ribul ion oi' t'iiscia over the antcnoi’ iafei'al and dorsal aspects 
of tlu! adductor ])ollicis imisclc indicates wliy abscesses of the thenar 
space occasionally cxtcnul to the dorsal aspect of the iiinscle. 

Clinicdl — One linndrcd cases of deep fascial space infections 

of the hand were stndiixl at the Boston City Hospital to determine lo- 
calization. 

Thenar space abscesses wore encountered more Ilian twice as fre- 
(incntly as mid-iialmar space al)scc.sses. In this series, the thenar space 
was involved in seventy cases, and the mid-palmar space in thirty cases. 

Etiologically, pnnctnrc wounds were the most common causes of deep 
fascial space abscesses. It was intcre.sting to note that septic teno- 
.synovitis of the mid-finger could develop into a thenar or mid-palmar 
space abscess. In tliis scries there were two cases of septic tenosynovitis 
of the mid-finger which developed thenar .space abscesses, and two cases 
of septic teno.synovitis of the mid-finger which developed mid-palmai 
space abscesses. 

DiffcfcnHnl Diac/nosif ;. — In all cases a definite diagnosis was made 
preoperatively. Tenderness over the palmar aspect of the space in- 
volved is the most important sign. Swelling is of value. With thenar 
space absce.ss, there is usually rapid increase in the size of the thenai 
area. There is a hallooning of the tissues from the I'adial 
tudinal crease. With mid-palmar space abscess there is obliteration of 
the concavity of the palm, and a slight bulge over the palm. Swelling 
over the dorsum of the hand is usually extensive wth both infections. 

Position of the finger is of some value. With thenar space abscess 
the index finger is usually flexed. The middle and ring fingers may Je 
flexed with mid-palmar space abscess. 

Complications.— There was a 3 per cent mortality in this series. The 
caimes of death were bronchopnenmonia, septicemia, and uncontrolled 


diabetes. _ ,. 

There were five eases complicated by osteomyelitis. Three cases o 
thenar space abscess were complicated by osteomyelitis. The 
metacarpal bone was involved in two cases, and both the second an 
third metacai-pal bones were involved in one case. Twci cas^ o mic- 
Tiilmar space abscess were complicated by osteomyelitis. The ur 
-pS bone ”0 involved in one CM, and the fourth n..t..»rp.ol 

1 ip was involved in another. 

. gggs of tendon slough occurred with thenar space abscess, and one 
f tendon slough urns found vdtii mid-palmar space abscess. 

^1 -f. ceries there was a tendency for infections to remain localized 
jjo case was an extension of the infection to wrist oi 

in one space, 

forearm poth spaces were involved. In each case tlic 

In two of > involved first, and after e.xtensive local necrosis tlic 
thenar space was 
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infection spread to the mid-pahnar space. In each case osteomyelitis 
was present. 

CONCLUSION 

There is a middle palmar septum extending from the undersurface 
of flexor tendons of the mid-finger to the middle metacarpal bone which 
divides the palmar concavity into thenar and mid-palmar spaces. This 
septum is a constant finding, and was found in each of 100 dissections. 

Clinical evidence shows that the middle palmar septum is a definite 
banner in preventing spread of infection from one deep fascial space 
to another. In only two of 100 eases were both thenar and mid-palmar 
space involved, and in each ease osteom 3 'elitis was present. 

It may be concluded that the middle palmar septum is surgical^’- im- 
portant in mechanical^' and phj’siologicallj’ maintaining deep fascial 
space infections, localized to one space. 
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Recent Advances in Surgery 

CONPUCTKI) BY AliFllEl) BLALOCK, M.D. 


EARLY POSTOPERATIVE WALKING 
II. CoLIjKCTIVB Revibw 

Bernii.vkd Nkwbukokr, M.D., Cincinnati, Ohio 


HISTORY 

D uring the early (lays o£ iiiodcrii surgery patients were kept in bed 
after elean lajiarotoinies and lierniorrbapliies for periods of three 
weelis or more. Immoliilily of the wound was felt to be so important t la 
plaster spicas were applied after herniorrhaphies.’- Even todaj sue i 
prolonged periods of enforced bed rest are not unheard of.’'’ Rein, 
in 1902, sensed the danger to flie jiatient ns a whole in contradistinction 
to the wound itself in this regimen of immobilization and piopose 
respiratory and muscular activity as Avell as a sitting position oi le 
patient while still confined to bed. The Spaziergaiig im ° 

Henle,°®’ conceived as a substitute for earlj^ walking, dates from e oio 


1908. . , a -tc hi- 

The most violent break in traditional postoperative care Jiaa i 

ception in the chance observation of Emil Ries that a patient in t oi 
risani’s clinic had a wound Avhich healed well in spite of 
having walked across the room the night after operation. Ries’ eoan 
to get patients up out of bed in Lventy-four to forty-eight hours altc 
vao'inal lij^sterectomy and soon extended tlie method to laparo omie 
He attributed his courage to Abel, ivho had demonstrated that t le 
ance of incisional hernia depends upon accurate layer closure an 

^Tv 1906 Rie? teachings were the subject of discussion at the Southern 
rvnLological Society kleeting at Baltimore.” It was brougit mi a 
"that Dr. McDowell in reporting the case of iMrs Ciau - 
fwd who is the subject of the firet ovariotomy, stated on the eight i ay, 

he found Kummell’®'’' of Hamburg Avas practicing ami 



^'T^--!?pEeramong otheis, was published in 1912. 
and Dodeilein, a 
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From then on it has retained many adherents and lost some oth- 
gj.g 05, 123 ji; i-eceived favorable notice in the famous surgical text of 
Bier, Braun, and KiimmelP® and ivas discussed at many surgical meet- 
ings. The use of the method spread throughout all Europe and was re- 
ported from Africa^^" and South America. 

Bather remarkably, except for the Central European Clinics about 
1908 to 1912, and until the notable exception of Paul Clainnont's'’ 
clinic in Zurich and Schumacher’s at Giessen, univei-sity clinics have had 
no part in the development or evaluation of early postoperative walking. 

Andre Chalier“®'^“ of Lyon has done much to popularize early postop- 
erative walking in Latin countries. He considers this to mean getting pa- 
tients out of bed from the second to the fifth day postoperatively. In con- 
trast to him, Havlieek,®^- Jleimingas,^-"’ and Paschoud,^^®'^®^ among 
others, have, by their example and publications, advocated what is called 
immediate arising, that is walking from the operating table back to the 
room and continued activity out of bed until discliarge. This method 
now has a fairly wide following.-'*’ 

It is of more than passing interest that this method of early mobiliza- 
tion of patients after operation was forced on one surgeon'* by lack of 
adecpiatc bed space in his lio.spital and on another by’*" the spontaneous 
adoption of it by his patients. 

In tliis country, Kelly“- reported, in 1911, that Bies’ example had been 
followed “by others too numerous to mention.’’ A reaction away from 
and disillusionment with the method were inherent in tlic then prevalent 
gross technique involvuig the use of coarse catgut and running sutures. 
Some surgeons’"'-' kept the tradition alive in Chicago. The last few 
years have brought a renewal of intere.st.*'’®’ ’=*■ ’“s- ’s" 


DEriKlTION 

As indicated previously, the di.stinction between earl.y and immediate 
postoperative walking is clear. Tlic daily postoperative continuation 
of bodily activity, including walking (not just being placed in a chair), 
self-care in matters of toilet, dressing, and feeding,’- sc, 2s-3c, 

gj-mnastics=- ’=^ is con- 
sidered an integi’al part of a regimen directed toward an uncomplicated 
and rapid convalescence. In those cases in which early postoperative 
walking is conlraindicated. deep breathing and leg o.xcreise in bed are 
snbstif nfed for ii by most of those who have written on the snbiccl. If 
an arbitrary tcmiioral limit is .set, early postoperative walking mav be 
said to mean walking within the first twenty-four hours postoperativelv. 
The rationale for this lime limit lies in irenle'.s'’ dcmon.stration in 1900 



and exercise which will 1,^. mentioned later. 



344 


SURGKRY 


indications, CONDITIONTNO ' 


CIKCUAISTANCKS, 


AND CONTRAINDICATIONS 


sepfic opci.itioiis wi(ii firm closure of the inefsion are ideal for the 
iis’c of early postojicralivc Avalkiii''’.''’' <’’> ifD 130-133, 133, iss, is3 

’ i'Dvo extended it, Jiowever, even to drained Avoiinds. 
cif ici t^hc lengtli of the incision nor its location lias any bearing on the 
pio) cm. It, is of importance mainly in laparotomies and hernior- 
1 laphics boeanse of the ensuing high incidence of the so-called post- 
opciati\e syndrome. " Tberefore, it is only in connection with them that 
the TTicIhod is hci'c (*oiisiclorccl. 


Local cUiostbcsia permits immediate or early postoperative ivalldng 
at any cleetcd time. Other ane.stbctics require a variable recovery 
peiiod, none, though, except in the jirescnee of complications, longer 
t lan tuelve to twenty-four hour.s. Some"’'''’’ consider a .special suture 
technique imperative; this opinion, however, is not generally held. The 
need of scrupulous attention to hemostasis as well as to other surgical 
fundamentals scarcely merits mention. 

The obvious contraindications^'-'' to the use of the method fall 

into two categoric.s — general and local. Cardiac insufficiency, shock, se- 
vere anemia or cachexia, hemorrhage or the fear of hemorrhage, the 
presence or even possible firesencc of thrombi or emboli, ns well as pro- 
longed preoperative bod confinement make up the first group. To the 
second belong such suppurative conditions ns peritonitis, cholangitis, 
pancreatitis, and liver infections. To these may be added potentially 
infected incisions and inseeui'e gastroentei'ic anastomoses, such as occur, 
for example, in resection foi' exclusion of duodenal ulcer or in colon 
resections. Copious tamponade also precludes early postoperative walk- 
ing, but a simple telltale drain through a stab wound, such as is com- 
monly practiced after eholecysteclomy, does nol. 

Such complications as postspinal-anesthesia headache, unexpected 
wound infection, or other complications^ may force the retuni to bed of 
patients who have been up and walking. 


advantages of eardy walking 

Although some"'' merely admit the basic correctness of the prin- 
ciple of earl.y postoperative walking, but apparently rarefy use if, cer- 
tain favorable results are almost universally cited.’’ ’’ 

20, 24-38, 40-43, 40, 40, 48, 50-54, 50, 59, 02, C3, 70-72, 70, 78, 81, 82, 87, 93, 94, JOO, JOl, 105, 107, 
110-112, IIG, 117, 120, 121, 124, 130-133, 137, 138, 147, 148, 150, 151, 153, 155, 157-109, ICl, 107, 

JS2, 183, 163, ISO The}' are as follows : 

1 Astbenia is avoided. This has impressed all who have used llio 
method Floercken,"’ indeed, compared patients with general surgical 
conditions of tlie abdomen to patients with fractures who, treated Ip- 
R 11 ’s technique, are considered “not sick but healthy men who onli- 
accidentally bad the misfortune of breaking a bone. ” 
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2. Morale of the patient is greatlj^ lifted by the feelmg that since he 
is np and leading a relatively normal life the dangers of the operation 
and the discomforts of the postoperative period are over or have been 
unduly exaggerated. 

3. Economy to both patient and hospital is attained through the more 
rapid convalescence, discharge, and return to ivork, and through the re- 
duction in the needed nursing personnel and the more efficient use of 
bed space. 

4. Military surgery may be rendei'cd less hazardous."^- 

5. Simplification of postoperative care is attained. 

6. Pulmonarj- complications are reduced four- to fivefold.'^® Kim- 
barovskiy’s'-'^ comparative series is most striking. This marked diminu- 
tion is readilj' credible since this same prophylactic course has been 
suggested by conservative surgeons’-® for years in both elderly pa- 
tients and after gastric resections vhei*e the danger of pulmonary com- 
plications is high. It is for this I'eason the more surprising, that, recog- 
nizing the value of having patients out of bed in these restricted groups, 
this Imowledge has not been applied to other groups of patients of only 
slightly less risk. Even vith the lowering of mortality from pneumonia 
attained by use of the sulfonamide drugs, a drop of morbidity such as 
is indicated from the use of early postoperative walking should be wel- 
come. 


Certain other benefits said to occur from tlie use of early postoperative 
walking arc either less apparent than the above or might be more diffi- 
cult to demonstrate. 


7. Poliehetti,' for cxami)h‘, claims a reduction of adliesions. 

S. Chaliev-'' bedieves that operability i.s extended to Rehn’s embolic 
type. 




I 100 , 101 


11. -•*-26. <r, 

uu. nn..u. .-.K, .M. .8-, jmention to the ab- 

sence of hollow viscus atony witli the consequent avoidance of the use 
of catheter and laxative. 


10. Still another content ion''"- to tlie eft'cet that laparotomy and 
herniorrhaphy wonncls heal more l.eni'inly and rapidly with the motion 
ol early postoj.erative walkiim Ilian with immobilization lias received ox- 
Iierinieiifal eorrohoration.'-'’ 


11, Lastly, llie moot but most iniporlani (iueslion of reduction ( 
lliromiiosis and eniholi.sm is hound mi with early jiosf operative walkin' 
Ol the three ina.tor factors ec.mmonly iiremised in the otiolonv of ii 
tenor eaval Inhiitary thrombosis, decreased rate of venous return i.s fe 
hy many to he ih(> most important and i.s the one aflVeted hv carlv nos 
operam-e wa hum. Vein wall trauma can he eontrolled onlV hv ea refi 
ffi-rative technique. „.e Use of heparin and dienumm-in, po 
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sibly along the lines indiealed by IJcrgquist,® changes in prothrombin 
time give promise ol being brought under pi'ophylactie restraint. No 
inatler wlml progress may be made in influencing the last two factors, 
and lliej' should not, of course, be neglected, neither can the first be 
neglected with impunity. Previous attempts, sucli as those of Lenuan- 
dcr,^"” Rehn,^''^' Ilenle,**'’ Payr,’^^ and Frykholm,’’’'* and the rediscov- 
crers or modifiers®”’ of their metliods, to decrease venous stasis and 
so thrombosis by position or bed exercise, have so far apparently 
failed. Barnes” found that, after the use of measures directed at the 
prophylaxis of thrombosis and embolism, such as active and passive leg 
exei'cises in bed, massage of the lowei’ extremities and deep breathing, 
pulmonary embolism, over a ten-year period, still accounted “for -5.8 
per cent of onr surgical dcatlis despite onr efforts at prevention.*’ Ac- 
tual walking, however, is said by manj^n 

ICO, 1C4, ICO, 1S3 minimize the occurrence of tliromhosis, l)otli the danger- 
ous latent or silent kind and (he classical saphenous and femoral. Schn- 
macker’s’®'* careful extensive study deserves special mention. Nelir- 
korn’s'”^ reduction of both thrombi and emboli by one-third in a series 
of 4,600 laparotomies must also be singled out, as sbonld Stich’s’®” ex- 
perience. Possibly Chaliei'”® is correct in saying that if early post- 
opei'ative walking does not entirel.v cii'cnmvent tlirombus formation it 
sui-el}’’ does not “assist in a cataelysmie accident but in the migration 
of embolic showers without danger to life. Actually those emboli 
that kill demand from the first a larger Ihrombns which does not 
form without a number of days of immobility. ...” Nonetheless, oth- 

gj.gO, 45, 40, 05, .50, 83, 07, 402, ,27, 134, 174, 178, ISO. 189 (Joubt tllB ability Of eal’l.T 


postoperative walking to combat the occurrence of emboli or have seen 
fatal emboli occur in s^Dite of its use. Whether this was due to 
too tardy a use of the method cannot be ascertained. Most of 
these patients were orrt of bed on the third postoperative day. As 
Polliasson and Baudry®'* noted, “venous stasis has had time to have 
effect” in cases so long in bed. Von Jaschke,®” with an extensive statis- 


tical background, claimed that postponement of early postoperative 
walking from the second to the third postoperative day increased tiie 
incidence of thrombosis. Jjoule and Jlaclmrot"-’ confirm this, Furllier, 
the preoperative existence of thrombi in those fatal cases cannot lie ex- 
cluded and there is no good reason to believe that the embolism might not 
have as readily oceurred on the operating table as after early postoper- 
ative walking.””® All things considered, thougli, the effect is mo.st likely 
■ nliylactic to a degree. Final .iudginent in this matter will rest on 
• well-controlled clinical observation.s duplicating and e.xtending 
futuie Tliis will, of eoui-sc, entail tlioromrh statistical 

those 0 postoperative walking does not jnove to ho 

breakdown. thrombo-emboli.sTn, its other jirovcd advantages 

a safeguar ‘ of extensive adoiition.-"’’ ”” 

would seem to maKc 



RECENT ADVANCES IN SURGERY 


147 


THE PHYSIOLOGY OP REST AND EXERCISE WITH ITS DIPLICATIONS TO'^VARD 
PULMONARY AND VASCULAR COMPLICATIONS AND EARLY 
POSTOPERATH'E WALKING 

Postoperative hypoventilation, ivith its potential consequent atelec- 
tasis and pneumonia, is well Imown, varying from 50 per cent in in- 
guinal herniorrhaphies and McBurney incisions to as high as 66 per 
cent in upper abdominal operations^'*- Tlie recumbent position in itself 
reduces vital capacity more than 15 per eent.”^ There is some doubt 
as to whether moderate exercise increases wtal capacity or not, but it is 
Imown that a ninefold increase in resting ventilation is possible 
Ellis^® found no increase in vital capacity in normal subjects. How- 
ever, Khromov®^ found a lessened reduction of vital capacity and a 
more rapid return to normal with the use of early walking in post- 
operative patients. Further, Coryllos^'* believed that the recumbent 
position decreased the efficienc.y of the cough reflex. Possibly having a 
bearing on the incidence of postoperative lung complications is the fact 
that the following values are inei-eased b.v mild exercise: tidal volume, 
ventilation coefficient, alveolar oxygen tension, and the oxygen content 
and saturation of arterial blood.®* 

The contention of Virchow and Aschoff that retardation of the 
venous circulation is the basic cause of thrombus formation is con- 
ceded,®’ *■ ®®’ cither in its original or modified form. After 

operation, a high degree of slowing of venous return is Imown to oc- 
cur.*®® On the other hand, the foot-carotid sinus time is decreased bj- 
elevation of the feel or liy exercise in the supine position,*®® The de- 
crease in the arm-carotid sinus time is marked®® with exercise. It is 
not knowm how’ great the increase in the '^'clocity of venous return from 
the foot is with ivalking. Presumptively, it is more marked than the 
findings of Smith, Allen, and Craig would indicate and of even a higher 
order than found in bicycling by Ellis for the arm-oarotid sinus time. 
The admitted increase in cardiac output with exercise confirms the 
increase in venous return, iluscle activity of the lower extremities is 
known to have an accessory ■■])cripheral heart” effect.* 


WOUND HEALINO AND WOUND UOMULK’ATIONS .\S EUFECTED BY EARLY 

uostoukkative walking 

Function”'* and re.st iiave both, paradoxically, been accorded "real 
importance in growth and the healing of wounds. Larrey Inis 'ijoen 
cit<’<t'*'’ as the ont.standing early advocate of rest, yet the following 
i.assage""’ froni his works bearing on the evacuation of the wounded 
rom the ’'*'tHefield can scarcely be so eon.stnied: “The wounded should 
lie leinoM’d to diflerent places immediately after an engagement The 
exterior and interior motion, which lakes plaee while traounnvf; *i 
Horn one place to another, excites and iLm.ms 
oigans, all the muscles are in motion, the eirculation is aecelcrated. and 
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sibly aloiiff tJie Jiiic.s iiulioalcd by Bei'gqiiisf,* oIiaDgcs in prolbrombin 
time give pi-oniisc of being Ijroiiglil nnclcr prophylnctie restraint. Iso 
nialtor svl)/!). piv^iv-v; niay be inacic in infiucncing the last two factors, 
and they siioidd not, of course, be neglected, ncitlicr can the first be 
neglected rvitli imjninity. Prcvioirs attempt!;, .such as those of Lennan- 
dcr.w" Eehn,’^>- IIcidc,“ Payr,^-''^ and Frykliolm,’’^ and the rediscov- 
crers or modifiei's'’'”’ of tJ)oir mctliods, to decrease venous stasis and 

so thrombosis try position or bed exercise, have so far apparentl.\ 
failed.”^ Barnes^ found that, after the use of measures directed at the 
prophylaxis of thrombosis and embolism, such as active and passhe leg 
exercises in bed, ma.ssage of tl)o lorve?’ extremities and deep breathnio^ 
pulmonarj’’ embolism, over a ten-year period, still accounted for 
pei' cent of onr surgical deaths de.spite our efforts at prevention. o 

. , 11 . 1 . • 1 ^ 1 *>0 '’8 TO, 89, 90, 103, 113, 124, 138, o , 

tnal wallring, however, is said by many'’ 

100, 104, ICO, 183 to ininirnize tlie oceurrence of thrombosis, both the danger- 
ous latent or silent kind and the classical saphenous and femoial, c m 
macker’s'”® careful extensive study deserves special mention, i eu' 
korn's*®'* reduction of both thrombi and emboli by one-third in a^series 
of 4,600 laparotomies must also be singled out, as shoidd^ Sticli s ex 
pevience. Possilily Chalier®* is correct in saying that if early pos 
operative walking does not entirely circumvent thi’ombus formation i 
surely does not “assist in a cataclysmic accident but in the migia ion 
of embolic showers without danger to life. Actnallj’’ those em oi 
that kill demand from the first a larger thrombus which oes no 
form without a number of days of immobility. ...” Nonet le ess, o 

45, 40, 5.1, .50, 83, 07, 102, 137, 1.14, 174, 178, 180, 189 (JoypJ; tpC ability OI eal’lj 

postoperative walking to combat the occurrence of emboli or have seen 
fatal emboli occur in spite of its use. Whether this ^ ° 

too tardy a use of the method cannot be ascertained, mos 
these patients were out of lied on the third postoperative day. ^ 
Folliasson and Baudry®^ noted, “venous stasis has had tune to u 
cSect” in cases so long in bed. Von Jaschke,®® with an extensile s 
tical background, ciaimed that postponement of early 
ivalldng from the second to the third 

• -apTioe of thrombosis. Louie and MacImrot’“ confirm this. > 

lave existence of thrombi io Ihoxc W.I enscs c.nnol he ej 
^ -tuA there is no good reason to believe that the embolism might not 
IdS oecun;d on the operating taiile as after early po.stoper- 
liave as cad eonsidered, though, the effect is most hkcij 

ative walhm^- judgment in tin’s matter will rc.st on 

prophylactic ‘ I observations duplicating and ext ending 

future \ This will, of coui^ic, entail thorough stati.stical 

those of w c-ivly postoperative walking docs not jirovc to le 

breakdown. nu-ombo-cmholi-sm, its other jn-oved advantages 

a safeguard ^ ,.,,ton.sivc adoj.lion.-- -■ - 

ppuldscenitomakeitv . 
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less moment, are that patients are too miserable postoperativelj- to be 
subjected to any activity,®^ that bed rest is of value to laborers,^” and 
that the heart is weakened®® or that the cardiac minute volume is re- 
duced'® following operation. They have all been proved, with more or 
less certainty, to be fallacious. 
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s'loii rl' . takes j)Iaee in a proper degree; the 

Jon l.s az'c soon defaciied by tJ,e increased oscillation of the subjacent 

.'se s, 1C rounds become clean, their edges develop, and approach each 
oiner try t he gradual e.xjiansion of tlie vessels; and by tliLs gz-adnal ex- 
^ close together, or contract adhesions by means of the 
slight inflammatory swelling which succeeds.” AYhether Larrey did or 
did not hold rest as an essential in wound healing, Billroth" imqiies- 
lona 1 y did and it ivas probably he who most greatlj^ influeueed mod- 
ern American aiid^ Burojiean surgeons. The present attitude of the 
niajoiJty toward this problem, obviously the major deterrent to the use 
of early postoperative walking-^' “n itc. iss jjjgy gpit. 

omized bj quoting PooP^“ to the effect that ‘‘a fairly prolonged stay 
in bed after celiotomy (usually from one to two weeks) is recommended 
} most surgeons, large^v that the coapted tissues raaj' unite firmly be- 
oie considerable strain is allowed to bear on them. On the other hand, 
some suigeons, among whom is Iviimmell, advise getting patients out of 
bed as early as the fir.st day after a celiotomy. But it is manifest that a 
pieniature rising from bed is done at the sacrifice of jiroper wound repair 
which demands rest of the parts involimd, and this can be secured in 
manj'’ classes of opei'ations only by confinement to bed foi' a reasonable' 
length of time. The adoption of exercises during this period provides 
almost all the advantages gained by a shortened sta^' in bed, without in- 
terfering ivitli the best conditions for the repair of the wound.” This 
prevalent fear of wound rupture as a consequence of early postoperative 
walking maj’ ivell date from the tragic exiierienees of some of tlie early 
surgeons, who, as described by Koenig,'-'® in 1905 , ‘‘were deliglitcd they 
could operate on the belly and even more delighted if tliey could oper- 
ate even during their office boui’s and treat tbeii- patients as ambulant. 
That was the time when one could find perjiaps a dozen reports in a 
journal as follows; laparotomj', oophorectomy, discharge in eight days. 

On the tenth day they come back to the hospital willi their guts in a 
cloth. This era lasted roughly till the beginning of the eigJities. Con- 
trary to this orthodox opinion those who have used early postoperative 
-walking have found no i-esnltiiig- deleterious effeet such as increase in 
incisional pain, dehiscence, or incisional hernia’’ 

125 , 135 , iss. jr.r, 15 S, ISO, is.i, tsr,. isr others, as noted, have claimed even 

a smoother and more rapid healing. Too few detailed rojiort.s^"’ iier- 
tinent to this important pha.se of the subject e.xfsf.s, and, hce again, 
definitive judgment mii.sl await their apiiearanee. 


OBJECTIONS TO THE U.SE OF laiinv FO.STOFKK,VTI\’E WJI.KIN'O 

Most of the ohjeetions are theoretic,- 
ir?, 17S while others have been arrived at after experience. Two are fail- 
1 nfiainst fatal emholf and inlert'erenee with wound healing. 

to ® 1' T t - . 

b d up mcaicolegal consequences.' ■ Others, of much 
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Book Reviews 


Disability Evaluation Principles of Treatment of Compensable Injuries. By Earl 

D, McBride, M.D. Ed. 3, revised. Philadelphia, 1942, J. B. Lippincott Co. $9. 

This revised edition contains over 000 pages. The volume is profusely illustrated 
^vith photographs, roentgenograms, and line drawings. 

McBride states that a very careful analysis of each case is required to arrive 
at a just compensation of industrial accidents and other medicolegal injuries. He 
has devised a very elaborate scheme for the evaluation of functional loss as it relates 
to the economic incapacity of the injured. Se\en factors are considered in determin- 
ing the partial permanent disability rating, allowable to the patient. Each factor 
has been allowed a certain percentage and with caieful study a more accurate 
estimation of disability can be arrived at than with any method so far devised. 
Hovfever the above method is unduly complex and probably will not be accepted 
as verj' practical in a busy office practice. 

Nevertheless, this book is excellent for reference and will enable anyone to 
check a point on which he is not clear. Every conceivable problem with which 
one might be confronted has been either illustrated or discussed. 

This book will stimulate moio thought among men doing industrial work and 
undoubtedly will bring out other now systems of disability evaluation. 


Eoentgen Treatment of Diseases of the Nervous System. By Cornelius G. Dvke 
it.D., E.A.C.E., and Leo M. Davidoff, M.D., F.A.C.S., Columbia tlniversity 
Jewish Hospital, Brookljm, N. Y. Pp. 198, with 12 illustrations. Philadelphia, 
1942, Lea & Pebiger, $3.25. 


This book is an extensive renew of the literature on the effect of radiation on 
norma! nervous tissue and on pathologic lesions of the nervous system with a 
hibliograpliy of approximately 150 references. In addition, it includes the authors’ 
experience in roentgen therapy of the nervous sjstcni. It collects, in monograph 
form, a large amount of information which makes it a. valuable reference work 
and a practical aid to the radiotherapeutist, the neurosurgeon, and neurologist. 

The discussion of retuU-. of roentgen therapy and the conclusion drawn con- 
cerning its fa\ornbU' eflcct would seem to express the viewpoint of a rocntgenoloffist 
enthusiastic about liis mode of tlierapj rather than that of a neurosurgeon who 
•■CCS these results from a. more di-mterested standpoint. 


Some, if not most, neuiosurgeoiis would disagree with the statement in the 
preface that “it is now gcneralh recognired that the treatment of pituitarv 
adenomas belongs pnmarilj to the ra-botherapeiitist with a neurosiir<»eon alwat- 
aviulalile to as-nmc the responsibilitj <il treatment .should radiation Tail.’’ Hou. 

ever, ebcwliere (p. ,, (p,,„ uttiUidc toward radiation of pituitarv 

turnor't is ^ nuu.trN 

In their discii-s„m of the ehromoidiobe adenomas of the pituitarv the auflmr- 
poiiit out the sophist,, re" t 'i 

nmicr.al with radiation re..l„ as reported by Dyke and Hare. They io tha 
tho«e data are not comparable. ^ ° ^ 
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with photographs, roentgenogi ams, and line drawings. 
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at a just compensation of industrial accidents and other medicolegal injuries. He 
has devised a very elaborate scheme for the evaluation of functional loss as it relates 
to the economic incapacity of the injured. Seven factors are considered in determin- 
ing the partial permanent disability rating, allowable to the patient. Each factor 
has been allowed a certain percentage and with caieful studj- a more accurate 
estimation of disability can be airivcd at than with any method so far devised. 
Hon ever the above method is unduly complex and probably will not be accepted 
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adenoinas belongs pnm-.iTih to the radiotherapeutist with a iieiirosurgeon alwaiV 
available to assume the responsibility of treatment .should radiation fail.’’ How- 
e'er, elsewhere (p, 182 ) a less positive attitude toward radiation of pitnitarv 
tumors IS expressed. 

In their discussion of the ( hr<>ino)>liol>e adenomas of tiu- pitnitarv. tin- .-intliors 
point out the sophistry of lleiidersim's i-oinji-inson of surgical results i,i Cushing's 
niafcrial, witli radiation results as reported by Dyke and Hare. They tliow that 
these data arc not comparable. 
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Renvnl of x^ostopBriitivc roiliation of cerebellar astrocytomas is advised, on 
theoretical grounds rather than on the results obtained in treated cases. So, also, 
in cranioplmrygioniu it would seem that the results reported did not fully support 
the attitude expressed in favor of postoperative radiation. 

Photomicrographs would have increased the value of some of their case reports, 
for example, in description of the extradural sarcomas of the spine in which verj 
excellent results were reported following radiation. 


A Short History of Cardiology. By J. B. Herrick, kl.D. Springfield, 10f2, Charles 

C. Xhomas, Publisher. 

It may be assumed that the purpose of this book is to present as simplj and 
concisely as jiossiblo the principal characters and achievements which constitute m 
history of cardiologj-. The author has not only succeeded admirably in this aim, 
but he has also provided a narrative of men and events which should prove 
esting even to one quite untutored in the subject. The earlier chapters ea lUo 
with the contributions of Hippocrates to Harvey to Laeunee are of particular c a i 
quite apart from their factual historic data. The story of the early Italian sc lOO , 
and especially the contributions of Leonardo da Vinci, Vesalius, and Sen e us, • 
of outstanding' interest. The same may be said of the delineation of t je Sf®* 
Irish cardiologists of the eighteenth and nineteenth centuries. One o m a ^ 
chapters of the book deals very clearly' rvith the history of coronary artery isem 
and myocardial infarction. It is characteristic of the author that his own ® ^ 
description of the clinical features of coronary occlusion is referred to on y m . 
modest footnote. 

The illustrations consist for the most part of well-selected reproductions 
portraits and photographs of the famous cardiologists. The format ' 

tion of the book are quite in conformity with the high standard of the p 
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In discussing this ])ai)cr, Elkin'* reported the death of a patient three 
weeks after the receipt of a wound of the heart, the patient having been 
treated by nonoperative means. Necropsy showed that death resulted 
from ritpture of a traumatic aneurysm of a coronary artery. Strieder^ 
reported a case of a stab wound of the heart in which aspiration of 
the pericardial cavity was carried out and the patient had an unevent- 
ful convalescence. He warns, however, that “not operating upon a 
patient with a stab wound of the heart is a verj' hazardous course to 
follow.'’ In a recent paper, Elkin® sa3'S that operation should be car- 
ried out as soon as the diagnosis is established. In a personal com- 
munication, Dr. Turner of the Mchariy Hospital in Nashville informs 
US that recovery has followed the rionoperative treatment of two of his 
patients ■ndth stab wounds of the heart. 

The reported mortality rate® from wounds of the heart which have 
been treated bj^ operative means is approximatelj' 50 per cent. Most 
of the deaths have been aseribable to the effects of the injurj' itself, 
but a good manj' are due to untoward incidents during the operative 
procedure or to complications which followed the operation. The ques- 
tion arises as to whether the mortality rate -would be reduced if non- 
operative treatment was used in those instances in which a rapid reac- 
cumulation of blood does not ensue following paracentesis. 

The present communication consists of a report of several cases of 
wounds of the heart in which nonoperative treatment was employed. 
These eases are similar to a number of others which have been observed. 

CASE REPORTS 

The first case report presents an example of recoveiy from what was 
apparentlj" a stab wound of the heart, neither aspiration nor operation 
being emploj’ed. A slow, favorable response followed the administra- 
tion of blood plasma. 

CASE 1. — G. w. ( J. H. H. No. 255213), a colored man, aged 2S years, was earned 
into the Accident Room at 3:30 A..w. on March 21, 1942, after liaving been .stabbed 
at 3 '20 A.M. On arrival he was imconsciou.s, cold, perspiring profiiselj', and rest- 
less- the pulse could not be felt. The veins were engorged, the blood pressure was 
obtainable, the heart sounds were muffled, and tlie second sound was inaudible at 
tl"' base There was a small stab wound in the third interspace to the left of the 
1 Venous pressure as obtained in an nntecubital vein was 230 mm. of 
stennin ^mjroseopie examination there was found to bo almost complete absence 
water. lieart. There was no evidence of an accumulation of blood 

of pu sa I .,leural car-itics. An intravenous infu.sion of 250 c.c. of human 

in either o sliortlv after admission. Tim patient recovered conscious- 

blood plasnui . - palpable and the systolic arterial pressure rose 

ness soon u g a.m., which was a little more than one hour after 

to 40 mm. of 'nrcssurc was 255 mm. of water and the pulse was stronger, 

admission, oi)erating room. It w:is observed on his arrival 

The patient was > 70 mm. of mercury and tlie pulse had imjirovcil 

there that the systo further observation was indicated. There «ns a 

in quality- I* 
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slov\ly progressive rise in the arterial pressure to 90 mm. of mercury, and the patient 
uas sent to the vard without operation. He was conscious, the skin was dry, and 
the quality of the pulse was improved, the rate being SS per minute. An x-ray 
film of the chest nliich uas taken twelve hours after the injury showed "an increase 
in the transverse diameter of the heart due chiefly to enlargement of the left ven- 
tricular shadow.” Twenty-four hours after admission the patient’s temperature was 
101' F. and the administration of sulfadiazine was begun. The heart sounds were 
heard with ease and the lungs appeared clear. There was no indication of air or 
blood in the pleural cavities. The report of an electrocardiographic examination 
twenty four hours after admission was as follows: "Normal sinus rhydlim. Normal 
axis. T I and T II and T4F upright. T III upright but low. Marked elevation of 
S T I, II and IF. Initial upward deflection in chest lead. Changes suggest hemo- 
pericardium or pericarditis and have been noted in other cases with stab wounds 
of the heart.” 

The patient was permitted to sit up on the sixth day after the injufy since 
he had been afebrile for three days and was asymptomatic. He was discharged 
from the hospital nine days after the injury. lie was last seen one month after 
discharge from the hospital and then complained of shortness of breath on exertion, 
which was relieved by rest. The physical examination was negative. On x-ray 
examination the heart and aorta were seen to be normal. An electrocardiographic 
examination showed T I still inv cited. 

Comment — The patient was admitted in apparently desperate condition, but 
recovered with the administration of human plasma. Fluoroscopic examination, 
venous pressure deteriiiinatioii, and electrocardiographic studies supported the clin- 
ical imjiression of intrapericardial Iiemorrhage. 

The second case presenis an example of tlie treatment of a patient 
with a wound of the heart hy aspiration and the administration of 
fluids intravenously, an operation not being performed. 


Case 2.— N J. (J. H. H. No. 2(i22()5). a colored man, aged IS years, was earned 
into the -\ccident Room at 2 25 a vi on .Tune (i, 19-12. about ten minutes after he 
had been stabbed in the chest The wound was 3 cm. in length and was located 
m the third interspace to the left of the stenim. At first glance he was thought 
to he dead, and the surgical intern who was engaged in attending to other patients 
requested a medical intern to pronounce the patient "dead on arrival.’’ It was 
foimil, however, that faint heart sounds could be Iieard. The patient was uiicon 
stioiis, rokl. and pulseless, ami the blood pressure was unobtainable. Glucose saline 
solution was adimmstcred iiitravoiiously in the amount of 100 c.e., and this was fol 
lowed by the giving of unmatdied Group O blood from the blood bank. While 
the blood was being administered the pericardial cavity was aspirated in the fourth 
inter-poe to tlie left of the sternum, and !0 < e. of blood were removed. The re 
spouse wa- liramatie; the patient stopped perspiring and lieeame violently restless 
showing lonsiderable strength Twenty five minutes after the patient’s admission 
the pulse heiame e.isiK palpable and the blood pressure nas obtained at flfl/tiO 
mm of nnnury On flnoroseopn examination the pulsations of the heart were 
visible but dimmislied Approximately thirty iiiimites after the patient was first 

'! was no mm of vvvter. PUysmal signs ami x rav examina- 

non demonstrated l,e„,o,|,„rax ,n the left plennd envitv. An elcdrou^diogniphie 
ex.umni lo vv.is r.irrmd out about fifteen hours after the admission of the patrnnt 
Ibe report was as follow,: -Xormal s.nu- rhythm. Normal axis. Intrn ™ rieult 
.oadmnon time ,s prolonged. S 1 very prominent and broad. T I amfu a 0 
npr.gbl I in is sUarpK inverted. T4V m diphasic. Tl,e record el, a ™ eft ‘ i 

of irumgs nssisM.ii..,! poriearditis. ” ^ eharacteristic 
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A small amount of bloody fluid was aspirated from the left pleural canty and 
was found to be sterile. The evidence of pleural fluid disappeared in a wcoh. Tlie 
patient was discharged from the hospital seventeen days after admission. 

Comment . — The patient was at the point of death on admission. His condition 
improved dramatically following the aspiration of only 30 c.c. of blood from the 
pericardial sac and after the administration of blood intravenously. Convalescence 
was uneventful. 

It is important to appreciate the fact that a prolonged period of low 
blood pressure and inadequate blood flow may result in serious com- 
plications if not in irreparable damage. Edwmrd S. Stafford observed 
and reported’’ a case in which acute renal failure developed as a result 
of cardiac tamponade which was not recognized until twelve hours 
after the injurj' of the heart. An abbreviated accotmt of this case 
follows. 

Case 3.— J. S. (J. H. H. No. 165590), a colored nmn, aged 27 years, entered 
the hospital at 9:15 P.iC. on March 11, 1939. He had been stabbed shortly before 
in the second left intercostal space. His clothes were bloodsoakcd and the radial 
pulses were imperceptible. He was considered to have a wound of one of the 
great vessels at the base of the heart. He was given glucose solution intravenously 
and the systolic blood pressure rose to 60 mm. of mercury. It remained between 
GO and 80 mm. of mercury throughout the night. The following morning, twelve 
hours after admission, the pulse and blood pressure were unobtainable. The venous 
pressure was 200 mm. of water. Cardiac tamponade was suspected and aspiration 
of the pericardial sac yielded 140 c.c. of dark blood. The systolic blood pressure 
rose immediately to 90 mm. of mercury and the venous pressure declined to 100 
mm. of water. Despite a total fluid intake of more than eight lifers in the first 
twenty-four-hour period, the patient did not void and the bladder was not distended. 
The following day the blood pressure was 146/96 mm. of mercury-, and it remained 
at essentially this level during the rest of his stay in the liospital. 

On the fourth day after admission the nonprotein nitrogen was 14S mg. per cent 
and the volume of urine was small. Urine examination showed erythrocytes, leuco- 
cytes, casts, and nlbumin. Olucose solution was administered intravenously- and 
a retention catheter was inserted into the bladder. The patient continued for 
sever.al days to show- signs of renal failure. The nonprotein nitrogen rose <o 2-d 
mg per cent and the excretion of phenolsuljilionephthalein in two hours was only 
17 per cent. A few- days later the patient began to improve, and there was no 
evidence of residual renal damage on discharge from the hospital forty-one day." 
after the injury. • 

Comment. — The experience with this patient, wlio had cardiac tamponade for 
twelve hours before it was recognized and in wliom acute renal failure developed, 
emphasizes the importance of prompt recognition and treatment of tntiipoiridc, 
jlspiration of the pericardium resulted in relief of the tamponade and an operation 
<! unnecessary-. The acute renal failure probably would not have oceiirred ha' 
fhe aspiration been performed soon after the patient’s admission to the hospital. 

The following case report prc.scnts an example of a ])alicnf with a 
d of the heart who wa.s trcaled by a.spirafion of the pericardial 
woiin operation. The condition found al operation indi- 

*^ated' that the patient would probably have .survived even tliough tiu*'’ 
procedure’ had not heon carried out. 
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Case 4. — J. W. (J. H. H. No. 252711), was a colored man, aged 17 years. Sup- 
ported by two friends, tlie patient was admitted into the Accident Room at 11:15 
P.xt. on Feb. 17, 1942. He collapsed on arrival. The pulse was palpable at first 
but then became imperceptible. The heart sounds were audible but suppressed. 
The peripheral veins were distended. There was a stab wound in the fifth inter- 
space to the right of the sternum. Pericardial aspiration was carried out at once 
and yielded 60 c.c. of dark blood. This procedure was immediately followed by 
improvement in tlie pulse and return of consciousness. The intravenous administra- 
tion of fluids was begun and the patient was taken to the operating room. 

Twenty-five minutes after the patient’s arrival in the Accident Room a left 
paiastomal incision was made. The pericardium was exposed and opened. In 
the pericardial cavity there was only a blood clot of moderate size which con- 
formed to the shape of the heart and pericardium. A wound ' 1 cm. in length 
was seen near the apex of the heart. There was no active bleeding. It was closed 
with a single silk suture, and the incision in the chest was closed. A perforation 
of the left pleura, made at operation, was repaired. The patient was given whole 
blood plasma and glucose-saline solution during the operative procedure. His con- 
dition at the end of the operation was good. 

Tension pneumothorax developed on the right side following the operation; this 
was relieved by repeated aspirations and finally by the insertion of a needle which 
was left in place for twenty four hours. Twelve hours after admission the patient’s 
temperature was 103.6° F., and sulfadiazine was administered. The temperature 
and pulse remained elevated for three days and then dropped abruptly. The sub- 
sequent convalescence was smooth. The patient was discharged from the hospital 
sixteen days after admission. 

Comment. — The patient responded dramatically to pericardial aspiration. He 
was not kept under further observation, however, but was taken to the operating 
room and the pericardial cavity was opened. The pericardium was found to be 
empty of blood save for a single clot, and the wound in the heart was not bleed- 
ing. It seems likely that aspiration alone would have accomplished the desired 
result and that an operation was unnecessary. 

DISCUSSION 

Many patients with heart wounds succumh as a result of hemon-hage 
very soon after the injury. The mortality rate in those reported cases 
in which the patients reached a hospital and were operated upon is 
almost 50 per cent. The mox’tality rate is high even in the hands of 
those who have performed a number of such operations, and it is likelv 
that the rate is considerably higher when the procediu’e is carried out 
by persons of less experience. It is well to remember that isolated 
unsuccessful eases are usually not reported. 

The question arises whether the sum total of successful end results 
will not be greater if a more conservative policy in regard to immedi- 
ate operation is adopted in those instances in which there is not active 
bleeding through the chest wound or into the pleural cavity. In other 
words, is one not warranted in delaying operation and in using non- 
operative means, including aspiration, in those instances in which the 
patient’s symptoms are due to tamponade rather than to continued 
active bleeding? If a positive answer to this question is the correct 
one, it is nevertheless important to realize that all facilities should be 
available for immediate operation if it becomes necessaiy and that 
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A small amount of bloody fluid was aspirated from the left pleural cavity and 
was found to be sterile. The evidence of pleural fluid disappeared in a week. The 
patient was discharged from the ho.spital seventeen days after admission. 

Comment. The patient was at the point of death on admission. His condition 
improved dramatically following the aspiration of only 30 c.c. of blood from the 
pericardial sac and after the administration of blood intravenously. Convalescence 
was uneventful. 


It is important to appreciate the fact lliat a prolonged period of low 
blood pressure and inadequate blood flow may result in serious com- 
plications if not in irreparable damage. Edward S. Stafford observed 
and reported’ a case in which acute renal failure developed as a result 
of cardiac tamponade which was not recognized until twelve lioitrs 
after the injury of the heart. An abbreviated account of this case 
follows. 


Case 3. — J. S. (J. H. H. No. 1G5590), a colored man, aged 27 years, entered 
the hospital at 9:15 p.m. on March 11, 1939. He had been stabbed shortly before 
in the second loft intercostal space. His clothes were bloodsoaked and the radial 
pulses were imperceptible. He was considered to have a wound of one of tlie 
great vessels at the base of the heart. He was given glucose solution intravenously 
and the systolic blood pressure rose to 60 mm. of mercury. It remained between 
60 and 80 mm. of mercury throughout tlie night. The following morning, twelve 
hours after admission, the pulse and blood pressure were unobtainable. The venous 
pressure was 200 nun. of water. Cardiac tamponade was suspected and aspiration 
of the pericardial sac yielded 140 c.c. of dark blood. The systolic blood pressure 
rose immediately to 90 mm. of mercury and the venous pressure declined to 100 
mm. of water. Despite a total fluid intake of more than eight liters in the first 
twenty-four-hour period, the patient did not void and the bladder was not distended. 
The following day the blood pressure was 146/9G mm. of mercury, and it remained 
at essentially this level during the rest of his stay in the hospital. 

On the fourth day after admission the nonprotein nitrogen was 148 mg. per cent 
and the volume of urine was small. Urine examination sliowed erythrocytes, leuco- 
cytes, casts, and albumin. Glucose solution was administered intravenously and 
a retention catheter was inserted into the bladder. Tlie patient continued foi 
several days to show signs of renal failure. The nonprotein nitrogen rose to 2-0 
mg. per cent and the excretion of phenolsulphonephthalein in two hours was on!^ 

17 per cent. A few days later the patient began to improve, and there wa.s no 
evidence of residual renal damage on discharge from the hospital forty-oac dajs 
after the injury. 

Comment. — The experience with this jiatient, who had cardiac tauiponado for 
twelve hours before it was recognized and in whom acute renal failure developed, 
emnliasizcs the imjiortancc of prompt recognition and treatment of (ampon'ide. 
Asniration of the pericardium resulted in relief of the tamponade and an operation 

^ nneccssary. The acute renal failure proliiildy would not have occurred had 
jvas u performed soon after the patient’s admission to the ho.-pifal. 


The following case report presents an example of a jiationt witli a 
^ ^ > the heart wbo wa.s treated by aspiration of llie pericardial 
wovind 0 operation. Tbe condition found at oiicralion indi- 

cavity anci J. ‘ . -^vould probably bave survived even tliougli tliis 



NONPENETRATING ABD01\IINAL TRAUJIA 


BJIERS0^' Crosby Kelly, JLD., Albaxy, N. Y. 

(Frojn ihe Department of Surgery, Albany Tlospifal and Albany Medical College) 

T his revieB' of tlie incidence and mortality rate of nonpenetrating 
abdominal trauma covers a period of fifteen years from Jan. 1, 
1927, to Dee. 31, 194:1, at tlie Albany Hospital, a general hospital of 
about 600 beds, B’hieh receives the usual proportion of Hglnvay, home, 
and industrial accidents. Approximately 30 per cent of admissions 
are to the surgical service. A study of nonpenetrating abdominal 
trauma in this institution should, thcrcfoi'e, indicate the frequency and 
seriousness of these injuries. 

The number of admissions at the Albany Hospital has steadily in- 
creased from 6,848 in 1927, to 13,229 in 1941. The total number for 
this period was 157,344. Of this total, 74 patients had nonpenetrating 
abdominal trauma. They u'cre distributed among 21 doctors. Hence, 
most of the doctors sau' very few patients ndth this type of injury and 
there was no uniformity in treatment. Thirty-three of these patients 
died. The mortality rate for this tyjie of injury u’as therefore 44 
per cent. 

For comparison n-itli other serious traumas, during the same period 
269 patients or approximately 0.17 per cent of tlie total number u'ere 
admitted B-ith fractures of the vertebrae, and 207 patients or approxi- 
mately 0.13 per cent B'ith fracture of the pelvis. 

It is therefore apparent that nonpenetrating abdominal trauma is 
infrequent but has a veiw high mortality rate. 

Table I shon-s the type of lesion with the number of patients -who 
died or recovered and the mortality percentage. Table II also sliorvs 
the type of lesion year by year and reveals that a specific type of 
lesion may be found only at intervals of several years. Table III o-jves 
the type of injury received and shows that 55 per cent of the patients 
B’cre injiu-ed as the result of automobile accidents. Table IV ^ives 
the time of operation after the injury B'as received. Fifty of" the 
seventy-four patients were not operated on, either because their con- 
dition B'as in extremis on admi.ssion or because they improved under 
expectant treatment, which occurred most frequently in cases of con- 
tusions of the kidney. In this small series of so many different tvpes 
of trauma a figure giving deaths in relation to time of operation rvould 
be of no value. Table V shoivs time of death after the patient was 
maured ; almost half the patients died within the first twenty-four hours 

Hcccivcrt for publicotlon, Doc. 17, 1912. 
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llicro is a limit to the leiiglli of time (probablj' two hours) that tam- 
ponade may be allowed to persist. If blood reaecumiilatcs rapidly fol- 
lowing aspii’ation, it is agreed that exposure and suture of the heart 
wound is indicated. If more than one aspiration is necessary, one 
should allow at least fifteen minutes between paracenteses in order that 
the chances of closure of the would by a clot may be increased. If one 
has good reason to believe an auricle rather than a ventricle has been 
injured, one may more safely defer operation. 

The observations and opinions which are expressed here support the 
directions^ prepared recently for medical officei’s in the U. S. Army 
by E. A. Graham, I. A. Bigger, B. D. Clmrchill, and Leo Eloessev. 
These directions refer to the treatment of penetrating heart wounds 
with resulting tamponade and are as follows: 

“(a) Aspirate the blood from the pericardium by the costoxiphoid 
route, if possible. 

"(b) Repeat if tiiere is a recurrence. 

"(c) If it again recurs, perform a eardiorrhaphy through an extra- 
pleural exposure. ’ ’ 

It is to be emphasized that our paper deals vdth the treatment of 
heart wounds with associated cardiac tamponade rather than those in 
which there is continued bleeding into the pleural cavity or through the 
opening in the chest wall. It is obvious that an operation is necessary 
in those instances in which active l)leeding continues. 
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Table ri’’ 
Time of Opekatiok 


After Ikjury 


TIME 


NO. 

tVithin 6 hr. 


10 

Within 12 hr. 


7 

Within 24 hr. 


3 

Over 24 hr. 


4 

No operation 


50 

Total 


74 


Table V 



Time of Death 



After Injury 


TIME 


NO. 

Within 1 hr. 


3 

Within 24 hr. 


12 

Within 48 hr. 


8 

Within 1 wk. 


G 

Over 1 wk. 


4 

Total 


33 


Bladder . — Only five patients wth niptnre of the urinary bladder 
wei’e admitted. The one patient who had no associated injuries was a 
60-year-old man who fell while intoxicated and died within twenty- 
four hours. Tlie cause of death was given as peritonitis but in view of 
the shoi't history, some associated condition was probably present. The 
two patients who recovered had fractures of the pelvis and one had 
also a compound fracture of the tiliia and fibula Muth gas bacillus in- 
fection. The two additional patients who died had severe associated 
injuries and multiple fractures. 

The mortality rate in thi.s small number of cases is 60 per cent. This 
rate cannot be compared with some other recent figures found in the 
literature because there all types of injuries of the bladder arc recorded 
and our eases were only those of severe nonpenetrating trauma, four 
out of the five patients having fractures. Peacock,’ in 1939, reported a 
mortality rate of 14.4 per cent for rupture of the bladder but he re- 
ported only those cases complicating fracture of the pelvis. Culver and 
Baker,® in 1940, reported only 6.25 per cent mortality but they included 
all types of rupture of perforation ; their only death was of a man in- 
jured during catheterization. 


1 I. 
1 L 

1 D 

1 1 ) 
1 1 ) 


ASSOCIATED INJURIES AND COJIPLICATIONS 
Bladder 

with fracture of pelvis 

infeVuon'orieK “"’I"”"’'* fracture of tibia trad fibula, amt gas bacillus 

cuvsion''“'“"^'^ of kidney, and cerebral con- 

with fracture of ribs, clavicle, liumcru.s and sternum 
with peritonitis 




164 


SUBGERY 


Table I 


TYPE OP LESION 



TOTAL 

DIED 

KECOVEKED 

DIED 

(per cext) 

Bladder 

5 

3 

o 

no 

Intestine 


9 

4 

69 

Kidney 


3 

2G 

10 

Liver 

IG 

12 

4 

75 

Mesentery 

1 


1 

0 

Spleen 

9 

5 

4 

55 

Stomach 

1 

1 

0 



74 

33 

41 

44 


Table II 


type op lesion by years 


YEAR 

BLADDER 

INTES- 

TINE 

KIDNEY 

LIVER 

JfESEN- 

TERY 

SPLEEN 

STOMACH 

1927 




2 D 




192S 


1 D 

1 L 





1929 



1 L 





1930 

1 L 

1 D 

1 L 








1 T) 





1931 


1 L 

1 L 

1 L 


I B 






1 B 




1932 



2 L 

1 B 







2 D 





19.3.3 

1 r> 

2 D 




1 B 


1934 

1 B 


4 L 

3 B 


3 B 


19.35 

1 T) 

1 D 

1 L 

3 B 




19.3G 


2 L 

4 L 

I B 






2 D 






1937 



3 L 

1 B 




193S 



1 L 



2 L 


1939 


1 L 

1 L 

2 L 


I L 

I p 



1 D 






1940 

1 L 

1 D 

3 L 

1 L 

1 L 



1.941 ' 



3 L 



1 L 


■iranigi 

2 L 

4 L 

20 L 

4 H 

1 L 

4 1, 

1 B 

■HI 

3 D 

9 D 

3 D 

12 B 


5 B 



D, died. 
L, lived. 


Table III 
Type of Injury 


clamier 


INTES- 

TINE 


KIDNEY I,IVF.R SPLF.r.N STOMACH TOT.IL 


Fall 

Blow . 
Hit bv veliiclc 
HriWng 

automobile 

Killing in 
automobile _ 

Taxis on liemin 


K! 

in 

£0 
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Table IV 
Time of Operation 


After Injury 


TIME 


yiO. 

IVithin 6 hr. 


10 

Within 12 hr. 


7 

Within 24 hr. 


3 

Over 24 hr. 


4 

No operation 


50 

Total 


74 


Table V 



Time op De.vth 



After Injury 


TIME 


KO- 

Within 1 hr. 


3 

Within 24 hr. 


12 

Within 4S hr. 


S 

Within 1 wk. 


6 

Over 1 wk. 


4 

Total 


33 


Bladder . — Only five patients with nipture of the nrinaiy bladder 
were admitted. The one patient who had no associated injuries was a 
60-year-old man who fell while intoxicated and died within twenty- 
four hours. The cause of death was given as peritonitis but in view of 
the short history, some associated condition was probably present. The 
two patients who I'ecovcred had fractui’es of the pelvis and one had 
also a compound fracture of the tibia and fibula with gas bacillus in- 
fection. The two additional patients who died had severe associated 
injuries and multiple fraetui’es. 

The mortalitj’- rate in this small number of eases is 60 per cent. This 
rate cannot be compared with some other recent figiu-es found in the 
literature because there all types of injuries of the bladder are i-eeorded 
and our cases were only those of severe non penetrating trauma, four 
out of the five patients haring fractures. Peacock,' in 1939, reported a 
mortality rate of 14.4 per cent for rupture of the bladder but he re- 
ported only those cases complicating fracture of the pelvis. Culver and 
Baker, = in 1940, reported only 6.25 per cent mortality liut they included 
all types of rupture of perforation ; their only death was of a man in- 
jured during catheterization. 

associated injuries and complications 
Bl-vdder 

I L with fracture of pelvis 

1 L with fracture of pelvis, compound fracture of tibia and fibula, and (uis bacillus 
infection of leg “ 

1 D uith fracture of femur, tibia and fibula, rupture of kidnev, and cerebral con- 
cussion 

1 ts ^'".icture of ribs, clavicle, humerus, and stenmm 

1 U null peritonitis 
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Intesiinc. RupUirc of tlic intestine occurred in thirteen cases, or 
17 per cent, of tliis scries of seventy-four. The mortality rate was 
69 per cent. 


Perforation of tliioaenum 2 Died 2 

Perforation of je.iunnm 4 Died .a 

Perforation of ileum 0 Died 4 

Perforation of colon 1 Died 0 

Total ni 0 


One interesting case was that of a patient 42 years old, who wa.s 
carrying a tub of ground meat in front of him and ran into a butcher's 
chopping block. Operation four hours later revealed a irerfoi'ation of 
the sigmoid colon. Tlie rent Ava.s clo.scd with silk sutures, and the pa- 
tient recovered. 

One patient, a man of 25 yaws, wa.s crushed between two trucks. 
Operation wa.s performed within one hour but no intra-al)dominal 
patholog,y was found. The patient died within twenty-four hours ami 
examination revealed a rupture of the third ]rart of the duodenum 
with extensive retroperitoneal inbltration wliich had ruptured into the 
general peritoneal cavity. 

The second case of rupture of the duodenum was in a 22 -year-okl 
bo.v who drove his motorcycle into a car. He had fractures of tlic 
fourth and fifth cervical vertebrae with paralysis, and died in twent.v- 
one hours. Examination showed a rupture of the third part of the 
duodenum with generalized peritonitis. 

One patient was a man of 72 years who had had an indirect in- 
guinal hernia for many .rears. At 1 a.m. lie found his hernia irreduc- 
ible and at 8 a.m. hi.‘j family doctor attempted reduction. Severe ab- 
dominal pain ensued, operation was performed at 4 r.M., a generalized 
peritonitis was found, and death followed. 

Another patient, a young man of 21 years, fell out of a truck at 9 
A.M. Six hours later he was admitted to the hospital in a slate ol 
shock. Diagnosis of rupture of the liver was made, treatment of .shock 
was instituted, and the patient died thirty-five lionrs after in.iury witli- 
out benefit of .surgery. Examination revealed a rujiture of the .ic.iunuin. 


hemopewtoneum, and also laceration of the lung with liemotborax. 

Still another patient was a man of G2 years, who was struck in the 
abdomen by a pole of an auto frailer at 2 p.m. Nine hours later he was 


admitted and operated upon at once. A perforation of the ilciirn one 
foot proximal to the ileocecal valve was closed and then bilateral direct 
hernias wcz'c i-ejiaircd. The abdomen was drained hy means of two 
•ieks two tubes, and one jiiece of vioform gauze. The jmtient died 
I ’4 - nine hours after being iipinred with generalized jierilonilis. 

V and Woliver,’’ in 1942, reviewed and rejiorted on 1,470 easc.s of 
f the inte.stinc and mc.scnlery witli a total mortalit.v of 72.1 
rupture 0 porfoj-med on 1,014 j)atient.s. of whom fiO.'i 

per cen . n^ortality of .0.0.5 per eenf. Dnl 402 palimls died 
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Intestine 

13 cases 

1 L with perforation of jejunum, pelvic abscess drained on ninth day 
1 Jj with perforation of ileum 

1 L with perforation of ileum, bronchopneumonia, and hydrothorax 
1 L with perforation of sigmoid 
1 D with perforation of duodenum 

1 D with perforation of duodenum, fracture of the fourth and fifth cervical 
vertebrae 

1 D with perforation of jejunum and hemothorax 
1 D with perforation of jejunum 

1 I) with perforation of jejunum and fracture of tibia and fibula 

2 D with perforation of ileum 

1 D with perforation of ileum, strangulated hernia 
1 D with perforation of ileum, bilateral direct hernias repaired 


Kidney . — Of twenty-nine patients with injuries of the kidney, eight- 
een showed only hematuria and were discharged after an vineventful 
hospitalization. One patient required nephrectomy seventeen day.s 
after injmy and tJie only other patient operated on tmdenvent neplirec- 
tomy three years after injmy. The three patients who died had seri- 
ous associated injuries with multiple fractures. 

Injuries of the kidney represent 39 per cent of this series. Three 
died, giving a mortality of 10 per cent. 

Prather,* in 1940, reported twenty patients with injury of the kid- 
ney. Ten were listed as contussions with no deaths. One was listed 
as subcapsular rupture hut did not die. Of the nine patients with 
lacerations, four died, giving a total mortality of 20 per cent. Lewis 
and Trimble,® in 1933, reported thirty cases of injury of the kidney. 
Twenty-one show’ed only hematuria. There were three deaths in their 
series, giving a mortality of 10 per cent. 

Kidney 

29 cases 

IS showed only hemafuria, raiiidly improved 

1 L with fracture of ribs and second and third lumbar vertebrae 

2 L with fracture of pelvis 
1 L witli fracture of ribs 

1 L with fracture of ribs, concussion of brain 

1 L with fracture of ribs, radiu.s, and ulna, and concussion of brain 
1 L with concussion of brain 
1 L with fracture of femur 

1 D with fracture of ribs, tibia, and fibula, and fat embolism 
1 D with fracture of ribs, clavicle, and liemothora.x 
1 D with fracture of skull, tibia, and fibula 


Liver . — Sixteen patients, or 21 per cent of this series, had a dia"- 
nosis of rupture of tlie liver. Tw'elve died, giving a mortality rate of 
1.) ]ier cent. 

Operation was performed on only two patieut.s. One was opei-ated 
upoii within twenty-four hours and died. The other wa.s operated upon 
two montlis after being kicked by a horse, and a liver abscess and sub- 
diaphragmatic abscess were drained; the patient recovered. 

q'hree paticnl.s died within one hour after admission and four others 
died withm twenty-four liours, so that 58 per cent of the deaths oc- 
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Iniestinc. Ruplurc of the intestine occurred in thirteen cases, or 
17 per cent, of tliis series of seventy-four. The mortality rate was 
69 per cent. 


Perforation of duodenum 2 Died 2 

Pcrfor.ation of jejunum 4 Died 

Perforation of ileum (5 Died i 

Perforation of colon ] Died 0 

Totrrl ja 9 


One ijiteresting case was that of a patient 42 years old, who was 
carrying a tuh of ground meat in front of liim and ran into a butcher’s 
eltopping block. Ojteration four hours later revealed a perforation of 
the sigmoid colon. Tlie rent wa.s clo-sed with silk sutures and tho pa- 
tient recovered. 

One patient, a man of 25 years, was crushed between two trucks. 
Operation was performed within one hour hut no intra-abdominal 
pathology was found. The patient died within twenty-four hours and 
examination revealed a rui)tnrc of the 1hii-d part of the duodenum 
with extemsive retroperitoneal infiltration which had ruptured into tlio 
general pcritouoal cavity. 

Tho second case of rupture of the duodenum was in a 22-year-old 
l)oy who drove his motorcycle into a car. He had fractures of the 
fourth and fifth cervical vertebrae witli paralysis, and died in twenty- 
one hours. Examination .showed a rupture of tho third part of tho 
duodenum witli generalised peritonitis. 

One patient was a man of 72 years wlio had had an indirect in- 
guinal hernia for many years. At 1 a.m. he found his hernia irrodiic- 
ihlo and at 8 a.m. ins family doctor attempted reduction. Revere al)- 
dominal pain ensued, operation was performed at 4 n.M., a generalized 
peritonitis was found, and death followed. 

Another patient, a young man of 21 years, fell out of a truck at 9 
A.M. Six houns later lie was admitted to the liospital in a .state of 
shock. Diagnosis of rupture of the liver was made, treatment of .shock 
was instituted, and the patient died thirty-five hours after in.iury with- 
out benefit of .surgery. Examination revealed a rupture of the jejunum, 


hemopeiatoneum, and also laceration of the lung with Iieinothovax. 

Still another patient was a man of 62 years, wlio was struck in the 
abdomen by a pole of aii auto trailer at 2 p.Jt. Nine honr.s later he was 


admitted and operated upon at once. A perforation of the ileum one 
foot proximal to the ileoceeal valve was closed and then ))ilaternl direct 
hernias were repaired. Tlie abdomen wa.s diviinod ))y means of two 
’icks two tubes, and one piece of %-iofo?-m gauze. The patient died 
tlirtv-nine hours after being injured with generalized peri loo it is. 

' ■\Voliver,’’ in ]!)'42, reviewed and jvported an 1,476 eases of 

f the intestine and mc.scntcry with a total morlaiily of 72.1 
riiptnie 0 perfonnecl on 1,014 patients, of whom tiff! 

per cen ■ ‘ . mortality of 59.5 per cent. But 462 fmtienfs died 

'.....VC... 
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One patient alone 'showed a latent bleeding time of five days. 
Harkins,® in 1942, reported that 48 per cent of cases had a latent 
period of two to six days and 28 per cent had a latent period of seven 
to eleven da.vs. klaes and Hives,’ in 1941, reported twenty-six eases 
mth nine deaths, or 35 per cent mortality. Berger® reported, in 1902, 
that in 220 cases in which operation was not performed the mortality 
was 92.3 per cent. 

lYright and Prigot/ in 1939, reported that among 20,000 patients 
admitted to their traumatic service, there were thirty cases of sub- 
cutaneous rapture of the spleen, or 0.15 per cent ; among their patients 
with subcutaneous abdominal injuries, 48 per cent had rupture of the 
spleen. Mazel,’® in 1932, reported an incidence of 30 per cent ruptures 
of the spleen with the same injuries. 


Spleen 

3 L with splenectomy 
1 L with splenectomy and fracture of skull 

1 D with fracture of ribs, tibia, and fibula, and laceration of kidney 
1 D with “tear in spleen packed” 

1 B with fracture of ribs, rupture of diaphragm, and hemothorax 
1 B with fracture of ribs, second cerrical vertebra, and femur 
1 B with fracture of ribs and pelvis 


Stomach . — One patient with nipture of the stomach is in this series. 
He was a youth of 18 years who was riding a motorcycle at night, ran 
into a car and received a blow by tlte handle bar. He was admitted to 
the hospital and operated upon at once. There was foimd a rapture of 
the left rectus muscle and a rupture of both the anterior and poste- 
rior walls of the stomach. Opei’ation required two hours. Death oc- 
curred twenty-four lioure after operation, from generalized peritonitis. 


DISCUSSION 


The differences in rates of incidence and mortality which are found 
in the literature are due possibly to the small number of cases of non- 
penetrating abdominal trauma which any one writer is able to report. 
It must be noted that some reports cover operative mortality while 
others cover total mortality. Under these conditions a comparison of 
statistics is meaningless. 

Estes,” in 1942, stated that of 2,217 injured patients admitted, 
thirty-two or 1.4 per cent were nonpenetrating abdominal trauma! 
Cody,” in 1939, wrote that of 5,744 accidents in Iowa, fifty-three or 
0.9 per cent were of this type. Our statistics are not of the same type 
and therefoi'e cannot be used for comparison. 


Table VI shows the mortality rate by five-year periods. There has 
been a marked drop in the rate in the past five years. This improve- 
ment is due partly to the prompt operation on the last four patients 
with rapture of the spleen and recovery of all of them. In the last 
three years, of eighteen patients, five have received some tvpe of sulfa 
drag. Of these eighteen, only three died. The drag probably had 
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eurred during tlie firet hospital day. All of these patients had serious 
associated injuries with multiple fractures. 

Lewis and Trimble® reported, in 1933, twenty cases of rupture of 
the liver. Fourteen of the patients were operated on, of wliom six 
died, giving an operative mortality of 40 per cent. Four patients not 
operated upon died, so that the total mortality was 50 per cent. 

Liver 

16 cases 

2 L with no complications 

1 L with subdiapliragmatio abscess 

I L with fracture of ribs and hemothorax 

1 D with no complications 

1 X> with fracture of ribs 

1 T> with fracture of ribs and femur 

1 D with fracture of ribs, mandible, and skull 

1 D with fracture of ribs, rupture of spleen 

1 D with fracture of ribs, hemothorax, and subdural hemorrhage 

2 D with fracture of ribs and skull 

1 D with fracture of ribs and hemothorax 

1 D with fracture of pelvis, radius, and ulna, contusion of kidney, gas bacillus 
infection of arm, and fat embolism of lungs 
1 D with fracture of ribs, pelvis, and humerus - 
1 D with fracture of ribs and femurs 


Mesentery . — There was apparentlj’- only one case of rupture or tear 
of the mesenteiy without injury to other organs. The patient was in 
the psychiatric ivard wJiere iie either fell or threw himself against tlie 
foot of the bed. Laparotomy revealed about 350 c.c. of blood in tlic 
peritoneal cavity and a rupture of the mesentery of tlie ileum. Tlie 
patient recovered from the injury. 

Pancreas . — A boy, aged 2 years, was hit by a truck, on the left side 
of the abdomen. Five lioui's later lie Avas admitted to the liospital be- 
cause of shock, pain in the left side of the abdomen 'and left side of 
the chest, and vomiting. An x-ray of tlie chest ivas negative. Two 
hours after admission laparotomy was performed and a rupture of the 
spleen xvas packed ivith one piece of viaform gauze. Tlie patient died 
eighteen hours after operation and examination showed, in addition to 
the ruptured spleen, a laceration of the tail of the pancreas. Tins 
case is included Avith the injuries of the spleen. 

SpJeen. There AA'ere nine patients Avith niptiire of the spleen m 

this series, or 12 per cent. FIa'c patients died, giA'ing a mortality rate 
of 55 per cent. 

All four patients Aviio recovered underwent a .sjileiicetoiny, even 
■tlovwh one patient also had a fractured skull. It i.s interesting (hat 
' last four patients admitted to the liospital wore the only ones ve- 

■ n- from this injury in the pa.st fifteen years. 1 
coA'erino i or,?™.., lou n^r, oaiient died fol- 


Tliere hii.s been no 

coveio.o of the spleen .since ]D!)4. One patient 

death ro splenic tear. The other four iiatients tliat died 

lowing 0 p Jr,s,ifu*s 


had first twenty-four liours after 

ocenrred within um 


ociated injuries and multiple fractures; three deafli.s 


admi.ssion. 



THE THERAPY OF SHOCK IN EXPERBIENTAL ANIMALS 
■WITH SERUM PROTEIN SOLUTIONS 

II. Fate in the Body of Concentrated and Dilute Serum 
AND Saline Solutions 

E. E. Muirhead, iLD., C. T. Ashworth, M.D., L. A. Kregel, M.D., 
AND J. jM. Hill, M.D., Dallas, Texas 

(From the WiUiam Buchanan Blood, Plasma and Serum Center of Bai/lor 
University Hospital, Dallas) 

A SEVERE freeze of one hind limb of a dog leads to a marked 
decrease in the plasma volume following thawing and fatal shock 
after six to eleven hours.^ The animals expire after a variable inter- 
val of hypotension. In the present study the fate in the body of 
intravenously administered concentrated serum, dilute or half-strength 
serum, and 5 per cent glucose in physiologic saline .solution in' this 
type of shock was observed. No attempt at survival was made and the 
damaged limb was left intact. 

VOLUMES OF solutions USED 

The average protein concentration for dilute serum was 3.8 Gm. 
per cent and for concentrated serum 15.8 6m. per cent. In comparing 
the fate of these two solutions two criteria wore obseiwed, namely, (a) 
the volume of solution administered and the expected plasma volume 
increment in the body, and (b) the total grams of protein (albumin 
plus globulin) given in the entire infusion. Accordingly, two different 
volumes of each solution were selected (Table I, Part A). 

Part B of Table I contains the average plasma volume and total 
circulating protein deficit for the corresponding groups during shock 
at the time the solutions were given. 


METHODS 


Mongrel dogs on meat and dog biscuit rations were used. Food 
was withheld for twelve to twenty hours prior to the experiment. The 
animals were subjected to pentobarbital sodium anesthesia approxi- 
mately one hour before the freeze. 

The procedure for producing the freezing injury and the methods 
used in studying the changes in shock and following therapy have 
been described.' ^ ^ 


The plasma concentrations of T-1S24 dye and thioevanate were 
made with the aid of a dual-cell photoelectric colorimeter. A stable 
hcniogl obincmia developed and eorreetioiis for hemoglobin staining of 

Bccelvca for publication, March 3 . 1913. 
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some value in decreasing tlie mortality rate^ but tlie number of cases 
is too small to be broken down into different types of injury. Cer- 
tainly chemotherapy, especially the direct implantation of the sulfa 
drug into the peritoneal cavity in patients with perforation of the 
intestine, is strongly rccoiumcnclecl. 


Table VI 

Mortahtv Rate by Five-Year Periods 


PERIOD 

NO. 

patients 

NO. 

DIEP 

KATE 

(PER CENT) 

1927-1931 

14 

7 

50 

1932-1036 

35 

22 

03 

1937-1941 

25 

4 

16 


CONCLUSIONS 

1 . Sevent 3 ''-four cases of nonpenetrating abdominal trauma are re- 
viewed. 

2. The incidence of tliese cases is small but the mortality is very high. 

3. Mortality should be lessened by (a) proper training of first-aid 
workers, internes in accident rooms and wards and doctors; (b) use of 
plasma in shock; (c) operation vdthin six hours if indicated; (d) 
proper use of the sulfa drugs intraperitonealljv 
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reasonable- since in the human being we usually give 50 to 150 c.e. in 
two to ten minutes and wait fifteen to thirty minutes before the 
next dose. 

Dilute serum and saline solutions were given continuously by drip 
system. The average rates of administration were 10.5 c.e. per min- 
ute (1 C.C. per minute per kilogram weight) for dilute serum and 11.5 
c.e. per minute (1.2 c.e. per minute per kilogram weight) for glucose- 
saline solution. 



— ^This fle:iire represents 
Aottce that the venons hemoc ' 
trom a control level of 14 Gn 
Gm. per cent occurred but u : • ■ ■■ 
hours later. At the same ti' 


a typical example in the grlucose-saline erouc 
*’•*'*•* « ‘ to 21.5 Gm nr^r* r- ' ‘ 


to 21. S Gm. per cent in shoi 
■ the infusion a dilution to IS 
• ^ Gm. per cent reappeared 1 

*h'--raP.v an<j^"er"il\^d°at1jas‘’!eve?°"(a 


RESULTS 

/. EPcIs on llcmodUntion and Plaxma Volume.— A. Raline Solu- 
hon: This solution produced a dilution of red cells and circulating 
plasma proteins. The venous hemodilution was not complete or pei" 
sislent and hy the time the animals died a hemoeoneentration approach- 
ing that of the shock level rcaitiumred, but, at the same time, the dilu- 
tion of the plasma proteins remained pronounced (see Table II) 
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For this group the average plasma volume decrease in shock A'as 
279 e.e. (51.1 per cent of control level). Thus the 300 e.e. infusion was 
greater than the determined deficit. Plasma volume determinations 
33 minutes after the infusions revealed an average volume of 303.2 c.c. 
(47.3 c.c. greater than shock level) indicating that within one-half 
hour as much as 84.2 per cent of the infused solution escaped from 
the circulation. 



Ti,r‘u - — -V '5 example reccmne a smaller volume (300 c.c ^ dihitp serum 
The hemoglobui concentration was increaseil from a control le\el of in 0 -, n n"'.: 
cent to 18 65 m shock W.thm thirtj mmutes after the mtusTon ,t had 
1^4 Gm per cent but at 3 6 houis aftei the infusion It was Jja Tim= 

P®'' ®''ock With ,in ultim.itc decrease’ of^3 75 

- F’’® P'n'din riotcin conccntiation was lowered from T i r*.). 

In shock to t) 9 Gni ocr cent thirt\ niinutos afto?' mfneirv^ om < 1 Gm per cent 
\i-\ei (G Gni pei cent) 3.6 hours later. (Dos %eisht 10 kg ) remained at this 


B Dthdc Scuim; This solution is actually composed of one-half 
tolimio of normal sermn and one-half volume of saline solution. 

The smaller volume ot dilutt scrum (avg. 325 e.e.) produced a hemo- 
dilution more marked tlinty minutes after the infusion than at anv 
subsequent period. About two hours the hemoglobin 
cached a temporary stable let cl, which was approximately halfwav 
be tteoii the control and the .shock letcls. At the same So Sl .!‘i 
cc s were diluted there ttas a pemistent dilution of the circulating 
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C. Gonccntraicd Serum: This solution contains not only concen- 
trated proteins but also concentrated salts of serum, mainly sodium 
chloride. Upon its injection intravenously there folloived a prompt 
hemodilution, i.e., a decrease in liemoglobin concentration, red cell 
count, and hematocrit. 



Pig. 4. — Exanipie of sniaUer doso of concentrated serum efftsctinc near coniDlete 
replacement of plasma volume (compare u-itU Fig. 5). The prompt hemodilution 
and increase in plasma volume with slight elevation of plasma protein concentr'itinn 
are demonstrated. (Dog weight 9.1 kg.) 


The estimation of tlie circulating pla.snia volume in shock ou the 
basis of the changes in venous liemoglobin concentration, red blood 
coll count, or hematocrit is grossly inaccurate as a result of the 
sequestration of rod blood cells in the capillaries and venules durino- 
shock (vide infra). The venous hemodilution follouing concentrated 
serum wa.s greater than expected fi'om the vohime of fluid injected 
hut not always as great a,s expected from the amount of proreiii 
given. This diserepaney seemed to result from the release of se- 
que.st rated red cells from the capillary regions to the general cireula- 
lion; particularly noticeahlc on the venous side (vide infra). ^Yhen 
one cxaniines the plasma volume studies, however, it becomes appar- 
ent that the plasma volume increment following the concentrate far 




phusiiiii ])r()t('iiis, a dilulion hall as proiioiiiicecl as following saline .solu- 
tion alone. T he heinodihition oecuri’er] in eonjnnelion noth an increase 
in the ])!a.sina voliuno, hnl 0.8.3 hour after the infusion the avera>re 
plasma volnine inei'eincnt aeeoiinicd only for 62.7 per cent of the vol- 
ume inlused. Thus, at this time 37..3 jier eenl of the infused .solution 
had esenjicd the circulation and in view of .suhscqucnt hcnioeoncentra- 
tion it is .sale to state that evenfiially at least .60 per cent of the infused 
volume left the eireulalion. 



Pjo- 3 of Uige volume close (590 c, c ) of dilute serum grioup. Notice 

fiio I'ciDPeann^ hemoconcentiation and an increas.e m plasma \olume much less than 
nontpa from the \olume infused. The tiansient deciease m plasma protein con- 
centration IS dei icted in the troughhke cur\e. (Dog -weight 10 kg.) 

The initial hemodilution follon-injj- tlio larper volume of dilute serum 
/••iv" 695 e.c.) was, at: expected, twice the mnguitude of that follorv- 
■ ' ”1116 lesser volume of similar .solution. Again the hemoglobin Icx'cl 
”'.^oressively increased indicating an escape of fluid from the circula- 
j^ccording to the plasma volume studies at an average of 0.94 
fter the infusions the plasma volume increment accounted for 
g per cent of the volume infused. The plasma protein con- 
only 0 • vecipient was lowered for (lirec hours during and 

centration 0 indicating further the entrance and loss of fluid 

after the intusmns 

frnm the circulation. 
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Discussion of Plasma Volume Changes . — ^The Staiiing-Landis^' ® con- 
cept of eapillarj" fluid exchange offers a means of analyzing the ob- 
servations made. 'With the onset of the severe hypotension of shock a 
substantial drop in capillary pressure must occur for several reasons: 
venous hemoconeentration becomes stabilized, the head pressure main- 
taining the capillary pressure is critically lowered, the capillaries are 
generally dilated and packed with red cells (stasis).® Any elevation 
of tlie arterial pressure at this time must be partly transmitted to the 
capillaries, a change substantiated by the increase in size of the dam- 
aged limb following glucose-saline solution. 



Following an infusion of glucose-saline solution mo.st, if not all, of 
the solution leaves the circulation in a short time. During this change 
the plasma protein concentration is lowered and the arterial pressurels 
tra^ntly elevated. A situation seems to be created whereby the out- 


tlie canmarv'''i« the series of events m tlie development of iro 




SUTJfiHRY 


ITS 


oxcecdod llie junoiinl of fluid injccled. 
(Fifxs. 4, 5, and G) tlio jdasma voJiimc 


In llic examples pu-aplied 
incremeid amounted to 3 (a 


3.0 timc.s tlio volume of fluid injected as expected in view of the degree 
of eoueentration of a]iiu'oximatol,v 3 to 3.0 times normal. 



FJg’. 5. — Example of smaller dose of concentrated serum. The trend of events 
is similar to that in Fig. 4, but failure of complete replacement of plasma volume 
is demonstrated. (Dog weight 10 kg.) 

Animals of fairly similar body weights and having the same degree 
of hemoconeentration (elevation of venous hemoglobin) may display 
different degrees of hemodilution following similar doses of concen- 
trated serum (Figs. 4 and 5). The demonstrated explanation for this 
discrepancy is that certain animals normally have larger plasma and 
red blood cell volumes than others despite the similarity in body 
wei^'hts For reasons not completely miderstood, a severe freeze oi 
. n o-ives rise to a fairly constant plasma volume deerenienl on 
™ • enta^e basis (50 to 60 per cent). Thus, similar doses of con- 
^ ^ t 1 serum may constitute adequate plasma replacement (Fig. 
centra ^ replacement in other animals (Fig. 5) 

4) or maj ‘ concentrations before and during shoelc in 

despite sun ggcirof tliese eases, however, the actual plasma vol- 
such cases. Axpoeted from the amount of protein given 

v^roe increment ^^as a - 

tvide infra)- 
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Table HE 


A Comparison of the Theoretical Expected Volume Increment in the Eecipient 
on the Basis of the Total Grams of Protein Given and the Actual Volume Incre- 
ment as Measured by the Dye Method 


SOLtITION 

VOLUME 

(C.C.) 

PKOTEIN 

COKTENT 

(GU.) 

' 

THEORETICAL EXPECTED 
VOLUME INCREMENT 

ACTUAL VOLUME 
INCKEMEXT BYE METHOD 

VOLUME 
{C.C.) I 

% OF 1 

VOLUME I 

cnxK' 1 

■ 

VOLUME 

(C.C.) 

% OF 
VOLUME 
GIVEX 

1 INTERVAL 

1 AFTER 

1 INJECTION 

1 (MIN.) 

Glucose-saline 

300 

0 

0 

0 

47 

15.6 


Dilute serum 

325 

11.5 

173 

53.2 

204 

62.7 


Uilute serum 

595 

25.6 

379 

63.S 

337 

56.6 


Cone, serum 


80.2 

12.5 

173 

200.0 

178 

206.4 


Cone, serum 


107 

18.2 

294 

274.8 

329 

307.4 



hematocrit of capillary blood were much higher than similar simul- 
taneous studies on venous blood in eases of wound (traumatic) shock. 
This change in red cell-plasma ratio has been interpreted as resulting 
from a sequestration of red cells in capillaries. 

The plasma %'olume changes in our experiments as obtained by the 
degree of venous hemoconeentration in shock and venous hemodilution 
following therapy* were compared with the plasma volumes as deter- 
mined by the d.ye technique. 

It was observed that in each instance (eighteen dogs) the plasma 
volume in shock as obtained by the dye method was substantially lower 
than the volume obtained by the hemoglobin factor and the venous 
hemoconeentration. This discrepancy is taken to indicate that the 
venous hemoconeentration, although pronounced, did not reflect the 
degi-ee of plasma fluid loss within reasonable limits. The failure of 
venous hemoconeentration to reflect the degree of plasma deficit attains 
greater significance when it is considered that actually a greater num- 
ber of red cells were present in the general circulatory system after 
the freeze since the spleen was firmly contracted at this time, a change 
wliich tends to produce results converse to those obtained. These find- 
ings are demonstrated in Table IV. 

The only logical explanation for the above findings is that red cells 
become trapped in the capillaries in great numbers, as Cannon pointed 
out, and that this removal of red cells from the venous circulation ac- 
counts for the failure of the venous hemoconeentration to account for 
all of the plasma deficit. Micro.scopie examination of various tissues 
support this contention.* Let us examine the relation of the seque.stra- 
tion of erythrocytes in capillaries and therapy with saline, dilute 
serum, and concentrated serum solutions. 


The procerture u.se<! was as follows. The product of the control ntsom-, 

.ind the venous hemoglobin concentration prior to anesthesia vip?doS”*'i to!un« 
Sbbs<!nuent changes In plasma volume 'expressed muff'll* 
of 100. -were obtained by tlie ratio of this factor -imi multiplei 

concentrations. The loss of blood through samples collected was 
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going force in tlie ca])illaric.s ajjpears to be increased but the fluid- 

it^'^'olding force (ctrcctive colloidal osmotic pressure) is lowered. 
Such changes must up.sel markedly the fluid-'witliiiolding factors which, 
together witli tlie increased capillary permeability, precipitate a rapid 
passage of fluid into tlie ti.ssues. There follows then a rapid reversion 
to the former state of circulatory in.sufficiency. 

In a similar manner dilute scrum appears to upset the fluid with- 
holding forces but only about half of the solution is lost initially, ap- 
])arcntly as a result of the fluid-withholding ])ropcrties of the injected 
pi'oteins. 

The increase in plasma volume following concentrated serum is 
greater than the volume of fluid injected. The solution has a greater 
osmotic pressure than the ordinaiy bodj' fluids. When given into a 
vein it must increase the effective plasma colloidal osmotic pressure 
which at the capillaries pulls fluids from the tissues into the blood 
stream. The shift of fluid swells the plasma volume and the plasma 
fluid plus red cells are conducted back to the Iieart via venules and veins. 

The plasma protein concentration is normally well protected. TJie 
present observations indicate that fluid is lost from the circulation fol- 
loudng the dilution of the proteins and fluid is added to the circulation 
following the eoneentration of the proteins. Theoretically, after a 
period of equilibration, the plasma volume increment following the 
injection of protein solutions, expressed as multiples of 100, should be 
equal to the ratio of the total grams of protein injected and the nor- 
mal plasma protein concentration of the recipient. A formula may be 
stated for this purpose as follows; 


Plasma volume incre- ^ Total Gm. of protein injected , jqq 
• ment of recipient in c.c. Plasma protein eoneentration of recipient 

The volume given by this formula is strictly a theoretic one and i1 
may be termed the expected plasma volume increment. Under the 
conditions of the present experiments it is modified by the presence 
of capillarj’^ damage, a factor encouraging the loss of proteins from 
the circulation and affecting the ultimate soundness of these assump- 
tions. The formula, therefore, will be used only for an anaij'sis of the 
immediate effects of the solution. 

In Table HI e comparison is made between the theoretic expected 
'olume increment bj' the various solutions on an injection protein basis 
' d the actual volume increment as determined by the dye method, 
on t -0 volumes, expected and actual, compare favorably and demon- 
^ " • slv that the A'olume increment by tlie solutions is dependent 

onthc ^amount of protein injected. 

“ .j „ ScQUCsiration of Bed Blood Cells in Capillaries 

II. y ^ as a result of studies during World War I, 

and Vennles. > count, hemoglobin eoneentration, and 

pointed Old tliat the 



MUIRHEAD ET AL. : SERUM PROTEIN SOLUTIONS IN SHOCK 1S3 


Following therapy with glucose-saline and dilute serum . solutions 
the plasma volume as estimated by the hemoglobin factor and the low- 
ered venous hemoglobin concentration (venous hemodilution) con- 
tinues to be far greater tlian the plasma volume as determined by the 
dye method. Yet, the plasma volume increment by each method was 
approximately the same, being slightly greater by the hemoglobin fac- 
tor method in the saline gi’oup and slightl 3 '^ less in dilute serum group. 
These findings suggest that neither of these solutions appreciably’ alters 
the sequestration of red cells in capillaries. This concept is further 
supported bj' microscopic studies of the viscera following th&se solu- 
tions (vide infra). Capillareo-venous stasis, as gauged by the latter 
method, is not appreciably changed. By utilizing the averaged data 
given in the tables in a similar manner, it is observed that the above 
relationship between the dye method and the hemoglobin method of 
observing plasma volume changes holds true for all of the experiments 
in these two gi'oups. 

When the data for the concentrated serum groups ai’e analyzed dif- 
ferent results are obtained. In the several experiments in which dye 
volumes were determined and the degree of blood loss through sam- 
ples was about even, only one revealed an appreciably greater volume 
by the hemoglobin method following therapy. In all instances the 
plasma volume increment following therapy was substantially lower 
by the hemoglobin method as compared to the dye technique. The 
usual finding (Table IV) revealed that the venous hemoglobin dilution 
accounted for less than one-half of the plasma volume increment. Fur- 
ther, microscopic examination of the tissues following concentrated 
serum demonstrated a decrease in the degi’ee of capillareo-venous stasis. 

The above findings suggest that concentrated serum produces a re- 
lea.se of red cells from the capillaries into the genei’al cii’culation. 

Table IV also demonstrates that computation of the whole blood 
volume and total red blood cell mass by the venous hematocrit in this 
form of shock is grossly unreliable. 


III. Effects on the Plasma Protein Concentration and Total Circulat- 
ing Proteins . — In the pre.sent studies the plasma protein concentration 


was not consistently increased or decreased as shock development. On 
eight occasions the protein concentration was slightly increased in 
seven instances it was slightly lowered, and three times it remained 
unchanged. In each case there was a considerable decrease in the total 
circulating proteins, a drop which in seventeen dogs averaged 50 per 
cent of the control level, indicating that the fluid lost from the eir- 
culation was whole plasma fluid. With this background in mind the 
ellcct ot the three solutions on these two factors will be aualvzed. 

A. SaUnc Solution : The plasma protein concentration of the re- 
cipient was markedly lowered following this infusion of slightlv -reater 
volume the,, ,l.e ,,,,3 , 
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None of the solutions produces a lasting elevation of the blood 
pressure. The glucose-saline solution was least effective and the sudden 
drop in pressure was closely associated with the just as sudden decrease 
in plasma volume. Next in line in the order of effectiveness were 
smaller volume of dilute serum, smaller volume of concentrated serum, 
larger volume of dilute senun, and larger volume of concentrated 
serum. In the last two groups the arterial pressure eventually de- 
clined despite an adequate circulating volume indicating that other 
complications were responsible for eventual death. 

Arterial Pressure Changes Immediately Following Intravenous Con- 
centrated Solutions: A rapid intravenous injection of certain volumes 
of concentrated serum was observed to produce a transient depression 
of the mean arterial pressure. When 5 to 10 c.c. of concentrated serum 
were injected in twenty seconds or less the arterial pressure dropped 
to 5 to 20 mm. Hg for an inteiwal of 30 to 120 seconds. On each 
occasion the pressure came back to a level near or slightly above the pre- 
injection level. This depressor effect gave rise to a steppage euiwe in 
which the ultimate effect was a substantial elevation of the pressure 
(see Pig. 7). In the entire concentrated serum groups there was an 
ultimate arterial pressure rise which averaged 57 mm. Hg above the 
average shock level. 

The transient depressor effect was observed to vary according to the 
volume injected and the level of the arterial pressure. The animals 
appeared to be most sensitive in the region of 50 to 70 mm. Hg. A 
larger volume produced a more marked depression. Thus, in Pig. 7 
It can be observed that the 10 c.c. doses produced a more prominent 
depression than tlic 5 c.c. doses. One animal (8 S) to which 35 c.c. 
of the concentrate were given when the arterial pressui'e reached the 
level of 20 mm. Hg .showed a prompt elevation and the depressor effect 
became evident only when the pres.sure reached levels between 70 and 
85 mm. Hg. At the time the injection was begun in this animal, termi- 
nal gasping respirations with side movements of the jaw were present. 
The latter ceased when the arterial pressure was elevated. Later on a 
second larger dose of 27 c.c. produced a prominent transient depressor 
effect. 


These transient arterial pressure depressions following injection of 
concentrated serum by vein in animals in a severe state of oligemia do 
not correspond to the depre.s.sions termed speed shock by Herechfeld 
and Hyman, for several reasons. ' Tliese investigators observed a 
transient arterial pressure drop following 1 to 5 e.c. intravenous in- 
jections of various solutions, yet we did not observe this effect followiim 
numerous rapid injections of Evans blue dye and tliiocyanate solutions 
ol - to 0 c.c. volumes. Moreover, the administration of glucose-saline 
and dilute serum at the rate of 10 e.c. per minute was not accompanied 
1>> .such changes, but on the contrary, these solutions gave rise to a 
steady pressure increment. In addition, the ultimate effects of the 


1S4 


sunoicRv 


and remained ailer most of the saline fluid had escaped from the cir- 
culation. 


Tlie.se oh.scrvations, .similar to those of Beard and Blalock,' indicate 
that protein leave.s the circulation following such infusions. This point 
was evident when the pla.sma volume studies were analyzed. B}’ the 
latter method the decrease ranged from minus 3.9-5 6m. to minus 12.5 
Om., an average of thiiiy-thrcc minutes after the infusions were com- 
pleted. By the aA'eragc figures (Table II) it is observed that decrea.se 
amounted to an aver'age of minus 6.15 Gm, below shock total protein 
level. The secondary decrease following the infusions produced an 
over-all decrease (shock exudation plus postinfusion loss) amounting 
to 66 per cent of the control level. 

B. Dilute Scrum; A smaller volume of this solution produces a 
persistent decrease in plasma protein concentration of the recipient, 
half as marked as that following glucose-saline infusions. The plasma 
volume studies indicated that the increase in total circulating proteins 
of the recipient was less than expected from the total number grams 
infused. An average of 11.5 Gm. of protein were infused but fifty 
minutes later there was an average increase of only 7.06 Gm. or 61.3 
per cent of the amount given. 

When the larger volume of dilute serxim was given there was a de- 
crease in protein concentration for 1.5 hours. An average of 25.6 
Gm. of protein was infused but after fifty-six minutes the increase 
amounted to 16.6 Gm. or 60.9 per cent of the amount given. 

C. Concentrated Serum: The plasma protein concentration xvas 
slightly increased, average of 0.5 Gm. per cent after 1.5 hours for both 
doses. According to the plasma volume stxxdies, the total circulating 
proteins were increased to an extent slightly greater than the amount 


given. 

Conclusion; Immediately following infxisions of glucose-saline and 
dilute serum in shock fxu'thcr protein is lost from the circulation as the 
saline fractions pass to the tissues. By considering the volume oi 
infusion lost according to the plasma volume studies and the amount 
of pi’otein lost, it is calculated that the flixid escaping the circulation 
contained 2.4 Gm. per cent of protein for the glucose-saline group and 


2.27 Gm. per cent for dilute serum. 

ly. Effects on the Mean Arterial Pressure . — The mean arterial pres- 
sure following a severe freeze of one hind limb passes through ceriain 
fairly consistent stages. Immediately following the freeze there is 
lly a prominent drop which averaged 36 mm. Hg. Following the 
usua . there is a period of several hours during xvliich the pres- 

piima 3 toward the control level, following which severe Jiypo- 

sure IS e < therapy is instituted at tliis time, the animal 

tension ensi ^ thereafter or after a vaiying period of liypotension. 

dies eithei s lo administered in eaeli ca.se wlien tlic .stage of 

The soln ion ^ The subsequent average arterial pro-ssurc 

severe ^1}^ y. 

changes are given III Tab 
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of tliiocyanate lias been considered to represent, for the most part, 
the extracellular fluid. Previously, it was pointed out^ that witliout any 
evidence of an increased external loss of fluid, the fluid available for 
sodium thiocyanate solution is markedly reduced in freezing shock 
when the severe hypotension ensues. At the same time an elevation 
of the plasma sodium concentration, greater than expected from the 
degree of hemoglobinemia, was observed. 

Table V 


Meax Abteeial (Cakotid) Peessuke Changes* 


5% GLUCOSE 
REMARKS IN SALINE 

SOLUTION 

LIL. SEBUM CONG. SERUM 
SMALLER VOL. SMALLER AMT. 

ML. SERUM 
LARGER VOL 

CONC. SERUM 
LARGER AMT. 

Xurnher of dogs 5 

Hr. before 

shock, avg, 7.9 

Before freeze 156.0 

Primary drop 164.0 

Severe hypotension 64.0 

3 

8.8 

142.6 

109.6 
61.0 

3 

6.5 

161.0 

122.6 

60.7 

2 

11.2 

147.5 

112.5 

55.0 

5 

8.2 

141.0 

104.2 

57.8 


AFTER 

THERAPr 



immediately 99.7 

1.26 

120.0 

127.5 


15 to 30 min. 101.5 

111.0 

126.0 

130.0 

101.8 

1 to 1.5 hr. 78.8 

93.3 

125.6 

111.0 

106.7 

1.5 to 2 lir. 58.5 


117.5 

IJD.O 


2.5 to 3 hr. 

72.6 


114.0 


3.5 to 4.5 hr. 


SS.5 

93.0 

102.0 

5 to 0 hr. 



75.0 

84.0 


•The pressure is given as mm, Hg. 


The effects of the three solutions on these two factore were observed. 

A. Ghtcose-Salinc Solution: There was an increase in the thyo- 
cyanate fluid and at the same time the plasma sodium concentration 
was reduced. In view of the failure to increase substantially the 
pla.sma volume, the increase in thiocyanate fluid must have occurred 
in an extravascular location. 

B. Dilute Serum; Solution of dilute serum gave rise to a further 
lowei'ing of the thiocyanate fluid. 


C. Concenteraied Serum: An increase in the thiocyanate fluid was 
ol)served in four cases and there was no change in one. The plasma 
sodium concentration was decreased in the former and appreeiablv 
unchanged in the latter. 

Discussion; One observation in tliese studies seems apparent, i.e., 
that concentrated scrum and glucose-saline solutions produced a 
lowering of the plasma sodium eoucenti'ation. The former solution pre- 
cipitated this effect at the same time that fluid was being drami into 
llie circulation, while in the latter case the same effect was observed 
when fluid was being lost from the vascular system. In both instances 
the thiocyanate fluid was increased. For the sake of analysis and future 
critical review, if one considers the thiocyanate fluid as beiim extra- 
ce uar m location, then eoncentrated .scrum draws fluid into the extra- 
eellnlar compartment but mainly into the blood stream and <rlucas*e- 



.1 ou 


suK«i‘:uv 


coiieenl rated sorum iiijeetions were in each case a siibslajitiah.v liigher 
pressure llian before iJjo inject jo?i. 

In a subsefinent paper we will discuss further the tj'ajisienl depressor 
effect. Pile eft ect seems to dciieud on llie rale of injection and the 
action of the conceiiti’ate in the licart-lun" region, TJic effect can be 
coniplctel.v eradicated by injecting llie solution more slowly. Similar 
doses of normal solution have not initiated the depressor response in oar 
bands. On a body weight basis Ibe doses given per unit of time are 
gro.ssly much greater than the nsnal doses given to patients clinically, 
winch probably accounts for the fact that we have not observed tliis 
brief dej)rc.ssor effect clinically. 



■ow 7 —This represents the depressor efXcct resulting: from tlie 

of concentrated serum. Ordinarily the 2 0 c. c. doses -were injectea 
en^Scond5* Notice the difference between the effect at fiO to 7o mm. Hi? nnd at 
[) mm. 


pjtT 6 demonstrates the effect of pentobarbital sodhini on the arterial 
” -p following a sneee.ssful elevation liy conecntratecl serum, ffhis 
^ (t -e became neces.saiy bccan.se of awakcnizig by tlic animal on four 
(jicl not appear to mar the subsefjnent eonr.se com plot eiy. 
oecasioi^, j^luid Availahlc for the Solution of Tliind/unnir 

p. Elfcc A Pnnccivtratfon, — The fluid available for the .solution 

and Plasm Sodium vd 
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The modifications of these findings b}" the three solutions used were 
observed. Autopsy material from seventeen dogs was studied, includ- 
ing five dogs from the glucose-saline gi’oup, five from the dilute serum 
groups, and seven from the concentrated senim groups. 

In all groups the parenchymatous findings were unchanged liy the 
therapy, parenchymatous degeneration and focal necrosis were promi- 
nent. The infiltration of pulmonary alveolar walls and suprarenal 
cortex ])y leucocytes was also unaffected. The glucose-saline group and 
all but one animal in the dilute serum groups displayed prominent 
capillareo-vcnous stasis, pulmonary edema, and capillary hemorrhages. 
The latter findings were definitely reduced following concentrated 
serum therapy, 'particularly when death occurred less than six hours 
after therapy. The emptying of lung capillaries and liver sinusoids 
was particularly evident udth concentrated serum. In addition, the 
larger vessels contained the pink precipitate indicative of the presence 
of plasma fluid suspending the red cells. 


COMMENT 


The abnormalities occurring in freezing shock simulated the changes 
described in wound (traumatic) shock and other types of shock without 
large hemorrhages. The abnormalities included a loss of plasma fluid 
from the circulation averaging 52.3 per cent of the control plasma 
volume (3.7 per cent of body weiglit), hemoconcentration, hypotension, 
decrease in total circulating proteins, acidosis, a decrease in the thio- 
cyanate available fluid, plasma sodium concentration, hemoglobinemia, 
capillareo-venous stasis, and other visceral changes. When the state of 
severe hypotension ensued, tlie I'e-establishment of the plasma volume 
improved the circulation temporarily but did not effect lifesaving- 
recovery. Tlie fate of glucose-saline, dilute serum, and concentrated 
serum in this irreversibly fatal period was observed. Concentrated 
serum produced an increase in plasma volume greater than the volume 
given, indicating a shift of fluid into the plasma stream, jirohably from 
the tissues. The shift of fluids oomstituted a directional flow opposite 
to that occurring in the i)athogenesis of .shock and with it there was an 
increase in plasma volume, homodilution, increase in total circulating 
proteins, improvement of the acidosis, increase in thiocyanate available 
fluid, decrease in plasma sodium concentration, and a release of red 
cells from the capillareo-venous areas. These effects of concentrated 
serum were in direct proportion to the volume given. 

Dilute seriim in large volumes improved the circulation but at the 
same Hmc fluid escaped from the vascular system in substantial volumes 
protein was further lost, and capillareo-venous stasis was not sub- 
stantially improved. 


(ilucosc-salnm solution was rapidly lost from the circulation and 
the ultimate effeets were deleterious since further protein was lo.st and 
the circulatory insuflicieney became more pronounced. 
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Tabi.k VI 


nxrr.niMUXT 

limTAnKS 

.TIIIOCVAXATE 
AVAlbABbE PLUID 
(C.C.) 

■WHOLE 

BLOOD 

WSS 

PLASMA CO, 
COMB. POWER 
(VOL. 7c) 

Wt. U.i kg. Cone. 

Control 

4040 

57 

53.4 

25.3 

(log serum 77 c.c.. 

(i.7 lir. shock 

2050 

13.G Gm. protein 

1.5 hr. after IJ 

3300 

23 

31.0 

Wt. 9 kg. Cone, (log 

Control 

4840 

71 


scrum 111 c.e.., 1S.4 

0.5 hr. .«hoek 

3740 

32.S 

Gm. protein 

1.1 hr. (lose I 

3880 

21 

43.4 

Wt. S.5 kg. 300 e.e. 

Control 

2450 

79 

55.5 

glucose in sa- 

9.5 lir. .shock 

1520 


37.0 

lino 

0.75 hr. after B 

2050 

31 

33.0 

Wt. 10 kg. 300 c.e. 

Control 

3125 

57 

. CS.O 

glucose in s.a- 

7.5 lir. shock 

1540 


41.5 

line 

2.5 hr. after IJ 

2140 

40 

37.5 

Wt. 13 k-g. Dilute 

Control 

5050 

02 

54.0 

serum 375 c.c., 14.1 

9 Iir. slioek 

4590 


2G.H 

Gm. protein 

21 lir. after R 

4050 

28 

41.0 

Wt. 10 kg. Dilute 
serum 300 e.e., lO.S 
Gm. protein. 

Control 

7.5 Iir. shock 

4040 

3250 

59 



Glinnges in sodium thiocyanate available fluid and CO; combining power are given. 
The whole blood loss represents the amount of blood removed as samples. 


saline increases the same compartment hut mostly outside the blood 
stream. A similar theoretical explanation for the action of dilute 
serum is more difficult, as it appears that fluid continued to escape 
from the extracellular area. 


VI. Effects on the Corhon Dioxide Conibinincj Power of Plasma . — 
Thirteen animals in whom the carbon dioxide combining power of 
plasma was determined revealed a decrease during shock amounting to 
an average of 36.6 per cent of the control value. Glucose-saline therapy 
gave rise to a further decline in the combining power accountable on 
the basis of dilution of the plasma. Dilute serum in larger volume also 
produced a further decline. Dilute serum, in smaller volume, gave 
rise to a slight increase in the combining power. Concentrated senna, 
in smaller amoiint, produced a decline in the combining power of a 
sli^iit degree in four animals and a slight increase in one. Concentrafed 
serum in larger amount caused an elevation in this determination vary- 


ing between eight and thirteen points. 

VII. Effects on the Microscopic Appearance of Fixed Tissue Section.'!. 

changes occurring in the tissues following prolonged freezing 

shock have been described.' These change.s may bo divided into (a) 
j capillareo-venous stasis and .small hemorrhages; (b) infer- 
1- edema and infiltration by neutrophilic leucocytes; and (e) 


par 


ichymatous 


acute parenchymatous degeneration, focal necrosis 


-i' is karyorrhexis, and kai-yolysis (liver, kidneys, suprarenal 
with pj ’ hypotension ensued, at the time the solutions were 
cortex). fleneralized 


given, 


these changes were „ 


eneralized throughout the bodj-. 



CLINICAL EXPERIENCE ^Y1TH THROMBIN AS AN 
HEMOSTATIC AGENT^ 


R. T. Tidrick, SLD., IV. H. Seegers, Ph.D., and E. D. IVakner, 31.0. 

Iowa City, Iowa 

(From the Departments of General Surgery and Pathology, State University of 

Jov-a) 

D uring the past four years steady progress has been made in our 
laboratory in the isolation and purification of prothrombin and 
thrombin.*"*' * The probaliility that purified thrombin would be useful 
in the clinic as a hemostatic agent was a motivating factor in this 
work. Early clinical and laboratory studies^’ with some of our puri- 
fied material were so encouraging that the data were presented to the 
research department of Parke, Davis & Co. With the aid of extensive 
production facilities, that company has undertaken to produce throm- 
bin in quantity sufficient to ensure more complete clinical and experi- 
mental studies. It is our present purpose to present a brief summary 
of clinical results obtained with thrombin which we have received 
fi’om this source. 


THE PRODUCT THROMBIN AND MODE OF APPLICATION 


The thrombin prepaiation, “Thrombin Topical, “t is a white powder. 
Its sterility has been proved repeatedly by cultures made both aero- 
bically and anaerobically. Each vial contains approximately 10,000 
units (the tlu'ombin unit is defined^ as that amount required to clot 
1 c.c. of standard fibrinogen solution in fifteen seconds). 

The sealed vial containing the sterile thrombin powder is sterilized 
by immei-sion in antiseptic solution. IVe liave placed the vials in Bard- 
Parker solution for ten minutes. Before opening the vial it is rinsed 
with water to remove the antiseptic solution, for if the latter Avere to 
gain entrance to the vial the thrombin would be weakened. On addi- 
tion of 10 c.c. of sterile water the thrombin dissolves promptlv and 
completely. At this concentration, approximately 1,000 units per c.c. 
die thrombin solution causes clotting of an equal volume of human blood 
in less than one second. It will clot ten times this volume within three 
seconds, or 1,000 times its volume in twenty -three seconds. 

In apiilying the thrombin solution to the bleeding surfaces, a sprav 
is useful, but a syringe and fine needle are generally sufficient to flood 
the surface Uniform and rapid covering of the entire surface is often 
taeilita tcd by the simple expedient of gently rubbing the surface with 
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i lie coinp.Mi'isoii ot cliliilo scviini nnd coiiceiitriitecl serum on tlic basis 
oC tlio total amount of protein administered revealed a superiority of 
concentrated serum over dilute serum in coping with the circulatory 
abnormalities in this type of shock. 


CONCIiUSIOXS 

1. The comparison of the effects of glucose-saline, dilute serum, and 
concentrated serum on the circulation during shock on the basis of 
volume given and total protein injected revealed the following ascend- 
ing order of efficiency; least effective glucose-saline solution, then dilute 
serum smaller volume, concentrated serum smaller amount protein, 
dilute serum larger A-olume, and most effective, concentrated serum 
larger amount of proteins injected. 

2. Concentrated serum Avas observed to produce consistently a shift 
of fluids from the tissues into the blood stream. The fluid shift re- 
versed several of the abnormal mechanisms occurring in the capillaries. 

3. The most important factor in the therap.v of shock appears to be 
the total amount of proteins administer-ed. 
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CLINICAL EXPERIENCE WITH THROilBIN AS AN 
HEMOSTATIC AGENT*' 

R. T. Tidrick, M.D., W. H. Seegers, Ph.D., an*d E. D. Warner, M.D. 

Iowa City, Iowa 

(From the Departments of General Surgery and Pathology, State University of 

Iowa) 

D uring the past four yeai's steady progress has been made in our 
laboratory in the isolation and purification of prothi'ombin and 
thrombind”'’ " The probability that purified thrombin would be useful 
in the elinie as a hemostatic agent was a motivating factor in this 
work. Early clinical and laboratory studies^' ® with some of our puri- 
fied material were so encouraging that the data were presented to the 
research department of Parke, Davis & Co. With the aid of extensive 
production facilities, that company has undertaken to produce throm- 
bin in quantity sufficient to ensui'e more complete clinical and experi- 
mental studies. It is our present purpose to present a brief summary 
of clinical results obtained with thrombin which we have received 
from this source. 


the product thrombin and mode of application 


The thrombin preparation, “Thrombin Topical,’’! is a white powder. 
Its sterility has been proved repeated!}’’ b.y cultures made both aero- 
bically and anaerobicall.r. Each vial contains approximately 10,000 
units (the thrombin unit is defined” as that amount required to clot 
1 c.c. of standard fibrinogen solution in fifteen seconds). 

The sealed vial containing the sterile thrombin powder is sterilized 
by immei-sion in antiseptic solution. We have placed the vials in Bai’d- 
Parker solution for ten minutes. Before opening the vial it is rinsed 
until water to remove the antiseptic solution, for if the latter were to 
gain entrance to tlie vial the thrombin would be weakened. On addi- 
tion of 10 c.c. of sterile water the thrombin dissolves promptli- and 
completely. At this concentration, approximately 1,000 units per c.c. 
the thrombin solution causes clotting of an equal volume of human blood 
in less than one second. It will clot ten times this volume within three 
seconds, or 1,000 times its volume in twenty-three seconds. 

In apidying the thrombin solution to the bleeding surfaces, a sprav 
is useful, but a syringe and fine needle are generally sufficient to flood 
the surface Uniform and rapid covering of the entire surface is often 
iacilita tcd by the simple expedient of gently rubbing the surface with 
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llic gloved finger. Tlie use of gauze 1o wipe llie surface has the dis- 
advantage of ))reaking up the clot as it forms and also of removing any 
excess throinhin solution before it has had time to act fully. The 
vound should, however, he relatively free of blood at the time the 
thrombin is applied. If a thick layer of blood is present on the sur- 
face, the thrombin tends to clot merely the surface layers and the 
bleeding continues underneath the clot. Firm anchorage of the clot 
occui's most readily when the emergent blood is allowed to mingle with 
the thrombin the moment it reaches the surface. It is important to 
bear in mind that the hemostatic effect of thrombin is dependent, in 
large measure, upon the clot which forms in and on the surface of the 
bleeding tissues, rather than u))on l!ie formation of thrombi in the 
vessels in the depth of the ti.ssucs. For this I’Cason, it is essential that 
the hemostatic clot be left in place. Undue sponging, to remove the 
clot, disrupts its anchorage and oozing often begins again. AVe believe 
that in most cases no harm results from leaving thin films of clotted 
blood in place. In fact, the thin clot, which forms subsequently in any 
event, is actually e.ssential to fibroblastic repair rather than detrimental. 

Application of the dry thrombin powder, though more wasteful of 
the thrombin prepai'ation, is also effective, and at times, a more con- 
venient method of application. We have used the dry powder, par- 
ticularly in certain bone operations in which deeply' situated bleeding 
surfaces rvei'e to be closed tightly^ immediately'. In wounds of this 
type, the dry powder, which can be nibbed into the surfaces, has the 
advantage of avoiding the introduction of any fluid deep into the 
woiuid and permits tight closure without danger of seepage. 

The use of cotton pledgets or bits of gauze saturated with the throm- 
bin solution is at times a convenient method of application, but, m 
general, this method does not give satisfactoiy results. The clot which 
forms is firmly' anchored in the cotton, and wJien the latter is I'cmoved, 
more often than not, the clot is disrupted from its anchorage in the 
tissue with the re.sult that the bleeding is reinitiated. 

CLINICAL RESULTS 

Thrombin has been employed for its hemostatic effect in somewhaf 
over 225 eases in the Univei-sity Hospitals. In the.se cases, the bleeding 
has varied widely', both in type and in the difficulty with which it 
could be controlled by ordinary means. 

The largest and most uniform group consisted of 102 cases in which 
•e have used thrombin to control operative bleeding from donor skin 
tv -aft sites We have found the thrombin to be of esjieeial aid on the 
^ ded surfaces following removal of siilif-f hiekness sheet grafts. 

f the patients in these eases bleed rather jirofusely at the time 
jMany o drassings afterward. A considciahlc 

of opeia ion « chronically' debilitated and we believe the 

number of these pa 
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prevention of blood loss here is a definite factor in reducing ■ both 
operative morbidity and mortality. In a total of seventy-eight split- 
thickness grafting operations of this type the results have been very 
gratifying. In forty of the cases complete hemostasis was obtained in 
a few minutes and although rather bulkj’^ clots formed in some patients, 
there was no significant postoperative bleeding. In thirty-two cases 
there was immediate cessation of oozing with the formation of a unifonn, 
thin clot and no subsequent bleeding into the dressings. There wei'e 
only two eases in which the thrombin appeared to have little effect, and 
pressure was needed to control fiilly the initial oozing. 

Thrombin was used twenty-four times in conjunction ulth pinch 
graft donor areas. The results in these were excellent in six cases, 
satisfactoi-j’ in thirteen, fair in four cases, and in one case, hemostasis 
was not obtained with the thrombin. Since the central portion of the 
pinch graft extends through the total thickness of the skin, small arteries 
are occasionally encountered which require other hemostatic measures. 
In general, hemostasis was effected less promptly and with the formation 
of more bulky clots in this type of ease than in the split-thickness type 
of graft. 

In twenty-seven cases, thrombin has been employed in the control of 
operative bleeding from cancellous or cortical bone. In fifteen in- 
stances the hemostasis was prompt and complete. In seven cases, hemo- 
stasis was somewhat less prompt but was considered satisfactorj' by 
the operator. In only two of the cases did the thrombin fail to check 
the bleeding. In the remaining two cases the resxilts were indeterminate 
due to simultaneous emplojonent of other hemostatic measures. In 
many cases of stubbom oozing from the cut surface of Imne, the effect 
of the thrombin has been veiy dramatic and has obviated the undesira- 
ble plugging of the cancellous bone spaces or havei-sian canals with bone 
wax or other foreign bodies. In tlie control of bleeding from bone we 
have generally used the thrombin in solution, but in many instances 
have found the dry powder more convenient. 

When a tourniquet is employed in operations on the extremities it is 
usually desirable to release the constrictor, at least temporarily, before 
applying thrombin. By so doing, larger vessels may be recognized and 
ligated. If the tlu’ombin solution is applied first, these ves-sels mav be 
held temporarily in check, only to resume serious bleeding after the 
wound is closed. 


During cholecystectomy persistent oozing from the gall bladder bed 
is occasionally very difficult to control. We have used thrombin in turn 
such easc.s in wliieli sutin-e ligatures were ineffectual. Application of 
the thrombin to the profusely oozing surfaces brought about prompt 
clotting and effectively checked the bleeding. In a third similar case 
complete hemostasis was not obtained until additional ligatures -were 
placed. Animal exporiment.s'- indicate that the thrombin mav also 
be of great aid m operations upon the liver it.self. 



194 


SUKGEUY 


AVo have lonnd lliroiiihin Jo ho a iiseliil adjunct in tivo eases for the 
control of the oozing of the cut margin of the p.yloriis in the Rammsteclt 
pyloroplasty procedure. 


Ihe surgeon not infrequenth' enoounters difficulty in obtaining satis- 
factory licmostasi.s incident to drainage, excision, or debridement in areas 
of acute or chronic inflammation. This is particularly true when the 
procedure i.s associated with trauma to friable granulation tissue or when 
there are many small bleeding vessels .situated in dense scar tissue. In 
twenty-seven operative procedures in rvounds falling in these cate- 
gories, the results have been very gratifying in all but two cases. AVc 
have also used thrombin to control oozing at the mucocutaneous margin, 
or where there was mild bleeding at the margin of the eschar, in hemor- 
rlioidectomy operations of the clamp and eauteiy type. Its use was 
considered efficaeious on three of the four occasions applied. 

Thrombin has been used in nine patients to control oozing from 
mastectomy skin flaps witii good hemostasis in seven instances. The 
results were somewhat equivocal in the other two cases. There is some 
evidence that its use may reduce the incidence of postoperative fluid 
collections beneath the flaps and play a part in promoting early 
agglutination and healing. 

Tlu’ombin has been used in six patients wnth various forms of blood 
dyscrasia, followung biopsy or traumatic wounds. In three of these, 
excellent hemostasis was obtained. In the fourth case, a patient with an 
undiagnosed bleeding tendency, the thrombin appeared to have little 
effect. In the fifth ease thrombin AVas used on tAVO occasions but Avith- 
but definite benefit. In a second undiagnosed dyscrasia Avith a bleeding 
ulcer of the lip the results Avere good on tAvo occasions. On one occasion, 
the bleeding point could not be reached AA'ith the thrombin and hemo- 
stasis AAms not effected. 


In eight cases of delayed postoperatiA’e bleeding the thrombin has 
proved to be vei-y helpful in five, of some aid in one, and of no 
definite benefit in another. In this latter case, there was a small artery 
in the depths of the Avonnd, and it AA-as necessary to reopen tlie avoaaaacI 
and ligate this vessel before the bleeding could he checked. In this 
type of case, thrombin can sometimes be introduced into a bleeding sinus 
or tract by means of a small catheter, and thus minimize tlie need for 
disrupting the wound in order to obtain hemostasis. Care must of 
course be taken to .see that the thrombin is never injected inli'avcnonsiy. 

have had occasion to nse thrombin to control bleeding from 
ilcerated JJCoplasms in five instances. In all of these hemostasis Avas 
^ fed In tAA’o of the cases, there had been large blood loss preceding 
fl ^^mea.sure and the usual bemoslatie mea.suros had failed. 

’ ]jgg pcen utilized in .some thirteen or more miscellaneous 

Thromni bleeding a-ssociated cfiiefiy Avith operative Avounrk 

cases ot so - bleediiur AA-as so trivial as to make anal.A'.sis of 

In several of these, 
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the usefulness of thrombin difficult, but in at least nine of these cases 
it has been tliought by the operator to be of definite aid. 

All cases were studied closely to detect the existence of thromboses, 
but all were negative in this resiieet. In earlier work"'’ ® this problem 
of thrombosis was studied experimentally in rats and dogs. Thrombin 
in large amounts was injected dii'cctly into soft tissues. In no case was 
there any evidence of thi’ombosis in the vessels nearby. The direct 
injection of tlu-ombin into human tissues would probably be harmless 
also, but we have avoided this procedure for fear that the thrombin 
miglit bo injected accidentally into a vein. From animal experiments®* ® 
the intravenous injection of thrombin is laiowm to cause Avidespread 
thrombosis. 

The postoperative course of the wounds treated with thrombin was 
carefully recorded, with special attention to any suggestion that the 
thrombin produced local irritation. In no case was there any evidence 
of this. Infected wounds showed no more redness or suppuration than 
ordinarily exists. Clean wounds healed promptly by primary intention 
without any evidence that the thrombin had caused irritation. Even 
when the thrombin Avas applied repeatedly over a period of many 
weelis, there Avas no evidence to indicate the development of hyper- 
sensitivity. We Avere particularly interested in this, for the thrombin 
is prepared from beef plasma and might be expected to act as a foreign 
protein in this respect. 

The use of large amounts of the sulfonamide group of drugs in the 
wounds is not a contraindication to the simultaneous use of thrombin, 
nor do the drugs interfere Avith the hemostatic action of the thrombin 
preparation. 

SUJIM VRY 


Experience AAuth the hemostatic effects of “Thi’ombin Topical” in a 
wide variety of cases indicates that it proA’ides a A-ei*y useful adjunct to 
surgical technique. In general, oozing of blood from capillaries and 
small venules can be cheeked promptly Avhenever the lileeding surfaces 
are accessible. Even m the case of small arteries application of throm- 
bin is often effective, particularly if digital pressure can be applied to 
the bleeding points momentarily in order to permit the clot to become 
firmly anchored in tlic tissue 

There has been no evidence that the thromliin produced local irrita- 
tion nor that patients, in whom the preparation Avas used repeatedlv 
became liypersensitive to it None of the patients showed evidence of 
untoAvard effeet.s from alisorption of the thrombin, or from local 
thrombosis of Ae.ssels 


i.o '’ep-'' nr Ilf 11)1 the operatec Moik done hi r 

ronnind* r of tiu cum's \\c file indebt* d in 
Ur n ^A'^WliVumv”^ mneral .sarRori .ml to the Orthopedic .Si.rsicil stiff, eTp^’lalb 
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ilETABOLIC STUDIES IN PATIENTS WITH CANCER 
OP THE GASTROINTESTINAL TRACT 


VI. Disorders in ALniENTARY Digestion and Absorption in Patients 
Who Have Undergone Totae Gastrectomy for 
Carcinoma of the Stomach*' 

P. E.-Rekers, IM.D.jt George T. Pack, M.D., and 
C. P. Rhoads, M.D., New York, N. Y. 

(From the Memorial Eospilal for the Treatment of Cancer and Allied Diseases 

New Fork) 

D uring the past twent.y years steady progress has been made in 
the postoperative care of patients who have undergone surgical 
treatment for diseases of the alimentary tract. Patients who have 
undergone total gastvectomj'-, however, uniformly have had a difficult 
postoperative course. Even after a survival period which would be 
expected to be adequate, these patients seldom returned to their original 
weight. They complained of intestinal disorders, developed anemia, 
and, occasionally, evidence of vitamin deficiencies. The investigation 
here repoiied was undertaken to ascertain whether or not the cause of 
these disordei-s in patients after total gastrectomy is to be found in an 
abnomal digestion of simple dietary constituents. 

Previous metabolic studies following gastric resection for ulcer and 
carcinoma of the stomach do not show uniform results but some of these 
studies indicate an excess of fat in the stools.’’ = However, many of 
these studies were carried out with inadequate quantitative methods. 
In general, previous investigators coircluded that the stomach could be 
removed from animals and from man without seriously incapacitatint' 
the individual.’-’ 

CLINICAL material 


This report is based on the results of study of four different groups 
of patients. The first is composed of eight indiwduals who were used 
as controls. They were admitted to the hospital for treatment of dis- 
orders entirely unrelated to the gastrointestinal tract. There was no 
reason to believe that any of them had ever had gastrointestinal disease. 
Two of those eiglit control sub,ieels received diets identical with those 
given to the patients following total gastrectomy. Tlie remainin" six 
receive d routine hosiiital diets which contained daily appro.ximate{v SO 
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3. A study of the hematologic picture of those patients who have had 
total resection of the stomach for carcinoma. 

Meidholic stxidics in a controJ groxtp of patients and in those who 
have had total resection of the stomach for carchwma. — The daily 
fecal excretion of fat by the eight individuals used as controls was 
measured in fifty -four specimens of stool collected in periods of from 
one to four days. The fat® content of these specimens varied from 1.0 
to 6.5 6m. per day. The average excretion of fecal fat hy each indi- 
vidual ranged from 2 to 6 Gm. per day (Table I). 

The fecal outputs of nitrogen were determined in fifteen stool speci- 
mens excreted hy four of the control individuals. The collection peri- 
ods were from one to four days, each, in duration. The nitrogen con- 
tent of the specimens varied from 0.6 to 1.5 6m. per day and the aver- 
age daily fecal excretion of nitrogen varied from 0.7 to 1.5 Gm. These 
values for fecal fat and nitrogen are in good agreement with those re- 
ported by others® (Table I). 


Table I 


ItiETAuv Intake and Fecal and Uiune Excuetiox ix a Control Group of Patients 


P.VTIEXT 

nisouDEU 


PIET PER PAY 

KKCES PElt DAY 

URINE 

PER 

DAY 

NITRO- 

GEN 

(GM.) 

OF 

DIET 

FAT 

1 

NITRO- 

GEN' 

(GM.) 

FAT 

(GM.) 

: FAT EX- 
CRETED 
(PER 
CENT) 

NITRO- ' 
GEN ; 
(GM.) 


Hemangioma of 

1 i 

35 

11.2 

•I 

n 

0.7 

10.1 


foot 

1 




1 

i 


A. T). 

Oral Icucoplakia 

l(n) 

35 

to.t 

4 

IS 1 

0.0 

9.0 

1'. R. 

Varicose veims 

(et 

105 

H.-l 

4 

4 1 

0.8 

15.0 

F. P. 

Plantar rvart 

(A 

1S5 

ui.o 

() 

4 

1.5 

14.G 

A. S. ' 

O.steitis fibrosa 

(.1) 

75 

18.0 

o 

3 




evstiea 








11. 3. 

Chronic Ivmpliatie 

t-1) 

To 

18.0 

3 

4 




letK'oniiji 








I. n. 

Xi*ro(levma 

(il) 

50 

12.0 

3 1 

fi 




pignieiitopu 








F. B. 

Arrestotl fiinoe- 

(<1) 

75 

18.0 

3 ' 

4 




hiusis 









(ti) An}».l>zyd 
('’aloviliitoil 

(fi) Uoj;uIar hospital dirt. 


In distinct contra.st to the findings in the control group were those 
obtained from study of t!ie tlii-ee imtients who had undergone total 
gastrectomy. Stool and urine collections were made for thirteen basal 
periods, each of which la.sted from three to four days. During these 
lieriods the tuitients were fonml to excrete daily from 8 to .50 Gm. of 
tat. The average excretion of fecal fat by each individual ranged from 
11 to 23 (!m. iier day. It is interesting to note that whereas the con- 
trol imtients who ingested from 35 to 80 Gm. of fat never exereted 
more t han 6 Gm. per day, the.se individuals without stomaehs never 
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h'Ul of th»‘ t»lool. 
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Gm. of fat, 18 Gni. of protein nitrogen, and 175 Gm, of earboliydrato. 
It is to be noted that the amount of fat they ingested is twee that fed 
to the patients U'ho bad undergone total gastrectomy. 

Tlie second grouj) is composed of three patients who had undergone 
total gastrectomy for carcinoma of the stomach and had sm'vived the 
operation for more than six months. At the time of ohservation they 
were free from evidence of neoplastic disease. The case histories of 
these three patients ai’e presented in detail in a snbsef|iient section of 
this commrnrication. 

A third group is represented by one patient who had undergone a 
partial gastrectomy' for carcinoma of the prepydoric region of the stom- 
ach and still secreted considerable quantities of both free and combined 
hydrochloric acid. 

A fourth group is represented by one patient Imaring a carcinoma 
of the prepyloidc region of the stomach. The growth was deemed in- 
operable because it was adherent to the pancreas and large vessels poste- 
riorly. There was no gross evidence of metastasis. 


JtETHOPS AND CRITERIA 

Sfetabolic studies were not made on any patient until the basal diet 
had been taken for at least three days and, in the case of the patients 
who had undergone gastrectomy, at least one week. No vitamins or 
treatment for anemia had been administered for at least two months. 
The patients who had lieen subjected to total gastrectomy had survived 
their operation for at least six months and were still free from evidence 
of neoplastic disease. 

The diets given to two of the patients in the control group, to all of 
those that had undergone total gastrectomy', to tlie one that had under- 
gone partial gastrectomy', and to the one who bore a gastric cancer were 
analyzed diets in which a constant source of meat was used. The diets 
of the remaining patients in the control group have been doscrilied 
previously'.^ The excreta were collected from one- to four-day periods, 
the nitrogen and fat contents calculated on a per diem basis. Jfulliple 
periods of study were used in most instances. 

klethods for the eliemical analysis and vitamin assay' of blood and c.x- 
ereta have been described in the previous publications of this series.-'"’ ' 


RESULTS 

The results of the experiments lierein described may be grouped 

under three headings: 

1 Studies of the excretion of fat and nitrogen by a control group ol 
.tients and by patients wJio liave had a total resection of tlic .sloinach 

for determine tlie nature and the cause of the faulty 

2. Expein , of dictaiy con.slitiicnf.s in pafienfs who liave 

digestion an • stomach for carcinoma, 

had total resection oi 
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Table IIA 

Dietaby Intake and Fecal and Uiune Excretion in Patients Who Hate 
Undergone Total Gastrectomy tor Carcinoma 



Patient J. C. (a) 

Basal 
High fat 
High protein 
Oral liver extract (b) 


Patient A. Z. (a) 

Basal 

Fat free (start) 

Fat free (end) 

Basal (after fat free) 

Gelatin 
Beef 
liipocaic 

Pan. enzymes (start) 

Pan. enzymes (end) 

High fat 

Ventrieulin 40 

Liver extract crude 40 

(intramu.scular) (c) 

Bile salts 40 

(a) Analyzed diet. 

(b) Eli Lilly and Company. 

(c) Eli Lilly and Company, No. 370. 

excreted less than 8 Gm. of fat per da.v althoiigli they ingested only 
40 Gm. of fat (Table IIA). 

The patients who had undergone total gastrectomy excreted in their 
stool from 0.8 to 3.3 Gm. of nitrogen per day and, in tlieir urine, ron 
5.3 to 14.4 Gm. of nitrogen per day. The average excretion o cc 


D/0 XO va-ui. . - — o , 

nitrogen by eaeli individual ranged from 1.0 to 2.2 Gm. Pci'/lay. ^ " 
values of feeal nitrogen excretion in tivo of these throe , 

were within normal range of less than 1.5 Gm. per day. Tie 


Vvoni these results it is apjjareiii tuut «ui ^ 

total gastrectomy manifested a eon.spieuous steatorrhea a 
oco three patients manifested a conspicuous erealorrlica. 

° -ipcntiiciiG to ascertain the source and nature of the fault!/ t Wet- 
j 1 cnnifioH of the dietary consiituenis.— 
tion and abs P ^ creaiorrhea of those patients without stom- 

^’^•ail-hisic or extrinsic origin ? In order (o delermitio whether or 

•Creatorrhea u.ed 









REKKRS ET AL. : CANCER OF GASTROINTESTINAL TRACT 203 

puts ranging from 13 to 18 Gm. and averaging 16 Gm. in the daily 
fecal excretion. No creatorrhea existed (Table IV). Furthermore, 
the daily addition of 35 Gm. of a .substance® potent in the intrin.sie 
factor, for ten days, to the hasal diet of patient A. Z. with total gas- 
trectomy, failed to alter the existing severe steatorrhea (Table IIA). 


Table III 

Dietary Intake .and Fecal and Ueine Excuetion in a Patient Be-Akino 

Gastric Cancer 



DITIT PER PAY 

1 FECES PER PAY | 

i . 1 

URIXE 
PER PAY 

PEUIOD 

. 

FAT 

(GM.) 

XITIIOGEX 

(GM.) 

1 FAT 

(GM.) 

i FAT 

EYCKETED 
(PER CENT) 

KITHOGEX 

(GM.) 

XITROGEX 

(GM.) 

Fatieni J. Z. 
Basal (a) 

50 

10 

s 

If) 

1.5 

7.3 

Basal (c) 

90 

14 

5 ' 

10 

1.1 

8.0 

High fat 

2.30 

14 

10 

7 1 

1.0 

7.7 


(a) Analyzed diet, 
(c) Calculated diet. 


Table IV 


Dietary Intake and Fecal and Urine Excretion in a Patient Who Had 
Undergone Partial Gastrectomy 


PERIOD 1 

DIET PER DAY 

i. 

t FECES PER DAY 

1 

URINE 
PER DAY 


FAT 

(GM.) 

XITROGEX 

(GM.) 

F.VT 

(GM.) 

FAT 

EXCRETED 

(PERCENT) 

NITROGEN 

(o.Ar.) 

NITROGEN 

(GM.) 


35 

10 

10 

45 

1.3 

5.8 


(a) Analyzed diet. 


In addition, small iejunal pouches or reservoirs of approximate! .a* 
200 ml. capacity were demonstrated by roentgenography in the two 
patients (J. C, and D. S.) studied, ivhile increased motility of the in- 
testines Avas not demonstrated by fluoroscopic studies in any patient in 
this scries. 


No further evidence seemed necessary, therefore, to estalilisli hevond 
rca.sonablc doubt that the steatorrhea as noted in these patients AA'ith- 
out a stomach Avas not duo to a lack of ga.strie cliAune, an intrinsic fac- 
tor in the gastric juice, sufficient resciwoir to hold the ingested food nor 
increased inte.stinal motility. 

(2) ProviouH existence of cancer. It may be a.ssiimcd that the previ- 
ously existing cancer of the stomach altered the gastric mucosa and 
resulted m defective, digestion and absorption of the dietary constituents, 
fat in particular. ITonee. it heeame important to determine Avhether or 
not a steatorrhea and creatorrhea existed in a jiatient Avho liore a car- 
shimach. Accordingly, a patient Avas selected for similar 
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not the stciitorrhca and crcatoraliea wore of dietary origin, it was neees- 
sai-j to A'ary the dietary fat and protein intake, respectively, and to 
note ain associated changes in the steatorrhea and ereatorrhea. Ac- 
cordingly, one patieiit, A. Z., was placed on a fat-free diet for fourteen 
dajs. This I'egime of the fat-free diet was associated with a pronounced 
decrease in the steatorrhea. The stool fat outputs fell from 30 to T Gm. 
per day, a value within the normal range. There was no significant 
change in the fecal excretion of nitrogen (Table ITA). 

The subsequent daily addition of 40 Gm. of fat to the fat-free diet 
of patient A. Z. was followed by an immediate rise in the fecal fat ex- 
cretion from 7 to 38 Gm. per day and by no appreciable alteration in 
the fecal nitrogen output. Purthennore, the addition of a .single feed- 
ing of 380 Gm. of fat in the form of butter and cream to the basal diet 
■which contained 40 Gm. of fat I'osultcd in the e.xeretion of 125 Gm. of 
fat and 6.8 Gm. of niti’ogen in the stool during the next twcnt.y-four- 
hour period (Table IIA). 

The daily addition of from 40 to 60 Gm. of dietary fat in divided 
feedings in the form of butter to tlic ha.sal diet of the remaining two 
patients resulted in uo significant change in either the fecal excretion 
of fat or nitrogen (Table IIA). 

From the results it would appear that in one individual who had a 
severe steatorrhea, this abnormality was directly related to the amount 
of fat ingested. The ereatorrhea in this patient was related not only to 
the dietary pi’otcin but also to the dietary fat, since it increased with 
the inex'eased intake of fat. Tlie results are in agreement with the 
finding's of othei's who studied the fat absorption in patients with 
idiopathic steatorrhea." 

B. Cause of the steatorrhea and ereatorrhea: The more prohahlo 
explanations for the steatorrhea and ereatorrhea were considered to ho; 
(1) absence of the stomach; (2) disturbances of alimentary digestion 
and absorption because of the premousl.v existing cancer of the .stom- 
ach; (3) deficient biliaiy secretion; (4) deficiency of an unknown pan- 
creatic factor of an exocrine nature (snob as lipocaic) ; (5) lack ot an 
adequate secretion of pancreatic enzymes into tlic intestines; (6) diets 
deficient in protein; and (7) insufficient amounts of an xinknown sub- 
stance called an extrinsic factor as found in liver extract. 

(1) Absence of the stomach. Since the stomach provides gastric 
chyme, an intrinsic factor in tlio gastric .juice, serves as a rc.sei'voir for 
recently ingested food, and regulates the flow of food into tiie intc.s- 
tines it v'as important to determine if any of these factors were the 
’ pi steatorrhea and crcalorrhoa in the patients investigated. 

T -flinAv one patient was .selected for study who had undergone 
resection of the sfomacli for cancer of that organ and si ill rc- 
^ 7 „nin amounts of both free and eoml)inpd liydrocblonc acid, 

tained a ‘ stomach was free of evidence of neoplastic dis- 

Over one- found to have a steatorrhea, the ouf- 

ease. This paGent (G.l-) 
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of dietary fat and protein in animal and man,”’ and their absence 
must be considered among the possible causative faetoi’s for the steator- 
rhea in the patients under consideration. However, in none of the three 
patients who underwent gastrectomy was organic disease of the pan- 
creas demonstrable at the time of operation and none had their pan- 
creatic ducts ligated. Two of these tJiree patients showed no evidence 
of ereatorrhea, hence their digestion and alisorjition of the dietary pro- 
tein were probably adequate (Table ITA). 

The daily administration to one patient (A. Z.) of 25 Gm. of pan- 
ci’eatic enzymes, a dose found to he effeetive in panereatie insufficiency,’" 
was found to reduce the fecal output of fat from about 20 to 8 Gm. 
per day and the fecal nitrogen from 2.8 to 1.2 Gm. daily. These find- 
ings indicated that tlie steatorrhea and ereatorrliea might be related 
to either an insufficiency of the fat and protein-splitting enzv'mes or to 
an improper mi.xing of the intestinal contents with their pancreatic 
enzjTOes (Table IIA). 

(6) An adequate supply of dietary protein. Inasmuch as some ob- 
servers believe that protein restriction in the diet results in a decreased 
utilization of the dietan' fat,” it was important to e.vclude as a causa- 
tive factor for the steatorrhea an insufficient supply of dietary protein. 
Accordingly, in two of the three patients, the basal diet was supple- 
mented with from 70 to SO Gm. of protein in the form of cooked beef 
for a period of fourteen days each. During the period in which the 
beef supplement u'as administered, there was a reduction in the average 
daily fecal fat excretion from 11 and 12 Gm. to 7 and 8 Gm., respec- 
tively, fat outputs close to the normal range. Purthemore, such pro- 
tein supplements were not associated with any appreciable changes in 
the fecal nitrogen excretion. 

Since beef is a complex dietary protein and contains appreciable 
amounts of choline, a substance with knomi lipotropic activity, it be- 
came desirable to employ a protein supplement free from such lipo- 
tropic material. Accordingly, the third patient (A. Z.) received 100 
Gm. of gelatin as his iirotcin supplement for fourteen days. No appre- 
ciable change in the degree of his steatorrhea or creatoi-rhea followed. 
Purthermorc, when the gelatin was replaced foz’ fourteen days with 100 
t!m. of cooked beef there was: no appreciable change in the steatorrhea, 
but the fecal e.xcretion of nitrogen rose from 2.7 to 4.^ Gm per dav 
(Table IIA). ' ‘ 

The findings in two patients of an apparent fat-.sparing action of 
dietary jirolcin for dietary fat were not confirmed in the third patient 
These results deserve confinnation and further study. 

(7) Insufficient quantities of extrinsic factor. Patients with trop- 
ical sprue and intestinal aiia.slomosls and .strictures frequently mani- 
fest steatorrhea, which in many instances may be alleviated bv the 
administration of large quantities of crude liver extract. '=• ” In'ordei 
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stud} yIio l)ore a carcinoma of the stomach hut no evidence of metnsta- 
SGS, gcistvic obsti'uction, bleeding', or pvi'cxi<i. 

Stool and urine collectiojis n’ere made on tin’s patient for nine peri- 
ods of from one to four da.i's each, during ^vhieh a basal diet ivas fed. 
hor the first four periods the basal diet iras exactly the same as that 
fed to the patients -with total gasl rectomy. This diet contained 50 Gm. 
of fat, 11 Gm. of protein nitrogen, and 300 Gm. of carbohydrate. Dur- 
ing the next five periods the basal diet contained 90 Gm. of fat, 14 Gm. 
of pi’otein nitrogen, and ISO Gm. of carbohydrate. 

During the basal peiuods the patient excreted daily from 5 to 9 Gm. 
of fat, from 1.0 to l.S Gm. of nitrogen in the stool, and from 5.4 to 7.2 
Gm. of nitrogen in the urine. His oral glucose tolerance test was nor- 
mal. The average daily fecal excretion of fat was 6.0 Gm. and of 
nitrogen was 1.0 Gm. Thus, this individual with carcinoma of the stom- 
ach in situ presented findings essentially in keeping with the findings 
obtained in the control group of patients (Table III). 

It ivould appear, therefore, that the pi’esence of the cancer does not 
play a direct mechanical role in disturbing the digestion and subsequent 
aljsorption of the dietarv protein and fat. 

(3) An inadequate supply of bile in the intestine. Since the pre.s- 
ence of bile in the intestine is considered to be essential for the proper 
digestion and absorption of fat, it became necessary to consider an 
inadequate supply of bile as a causative factor for the steatorrhea in 
the patients without stomachs. 

None of these patients in the ijresent study who underwent total 
gastrectomy showed evidence of biliary tract disease at the time of 
operation, nor was the biliary tract inteifored with surgically. All stool 
specimens presented gross evidence of bile pigmeiil at all times. Finally, 
in one patient (A. Z. ), the addition of 4 Gm. of bile salts per day to the 
diet caused abdominal cramps, accentuation of the loo.se bulky stools, 
and an increase of the daily stool fat output from 22 to 33 Gm. and an 
increase of the nitrogen output from 3.3 to 5 Gm. Thcivfore, further 


evidence was not deemed necessary to indicate that an inadcf|uate .sup- 
ply of bile was a cause for the existing steatorrhea (Table IIA). 

(4) Insufficiency of pancreatic hormone. Inasmuch as abnormal 
lipid metabolism with cxce.ss fatty infiltration of the liver has been 
ascribed to a deficiency of a panercatie lioi-monc,’” such as lipoeaic, it 
became desirable to determine whether or not such a hormone dcfieiene.v 
was related to the .steatorrhea in the patients under study. 

Six "Tams of lipoeaic were administered daily for ten days to one 
.’ f^( \ Z.) who had a conspicuous steatoiTbca without appreciable 
^^^tioinn the existing steatorrhea and ereatoribea (Table 11 A), 
alteia the steatorrhea and ereatorrliea were not caused 

Thus, 1 of the pancreatic hormone, lij)oeaic. 

'TJenfficienev of pancreatic enzmnes. Pancreatic enzymes have 
rcneatcdlv to be neee.s.sary for the j)roi)cr utilization 

been demonstraiea i 
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of dietary fat and protein in animal and man,”’ and their absence 
must be considered among the possible causative factoi-s for the steator- 
rhea in the patients under consideration. However, in none of the three 
patients who underwent gastrectomy was organic disease of the pan- 
creas demonstrable at the time of operation and none had their pan- 
creatic ducts ligated. Two of these three patients showed no evidence 
of creatorrhea, hence their digestion and alisoi’ption of the dietary pro- 
tein were probably adequate (Table IIA). 

The daily administration to one patient (A. Z.) of 25 Gm. of pan- 
creatic enz\Tnes, a dose found to be effective in pancreatic insuffieiencj',^" 
was found to reduce the fecal output of fat from about 20 to 8 Gm. 
per day and the fecal nitrogen from 2.8 to 1.2 Gm. daily. These find- 
ings indicated that the steatorrhea and creatorrhea might be related 
to either an insufficiency of the fat and protein-splitting enzj-mes or to 
an improper mixing of the intestinal contents with their pancreatic 
enzymes (Table IIA). 

(6) An adequate supply of dietary protein. Inasmuch as some ob- 
servers believe that protein restriction in the diet results in a decreased 
utilization of the dietary fat,” it was important to exclude as a causa- 
tive factor for the steatorrhea an insufficient supply of dietary protein. 
Accordingly, in two of the three patients, the basal diet was supple- 
mented vitli from 70 to 80 Gm. of protein in tlie form of cooked beef 
for a period of fourteen days eacli. During tlie period in which the 
beef supplement was administered, there was a reduction in the average 
daily fecal fat e.xcretion from 11 and 12 Gm. to 7 and 8 Gm., I’espec- 
tively, fat outputs close to the noi-mal range. Purthennore, such pro- 
tein supplement.s were not a.ssociated with any ajipreeiable changes in 
the fecal nitrogen excretion. 

Since beef is a complex dietary protein and contains appreciable 
ainountf; of choline, a substance with known lipotropic activity, it be- 
came desirable to employ a ijrotcin supplement Hee from such lipo- 
tropic material. Accordingly, the third patient (A. Z.) received 100 
Gm. of gelatin as liis protein .supplement for fourteen days. No appre- 
ciable change in the degree of his steatorrhea or creatorrhea followed. 
Furthermore, when the gelatin was replaced for fourteen days with 100 
dm. of cooked beef there was no appreciable change in the steatorrhea, 
but the fecal excretion of nitrogen rose from 2.7 to 4 ^ Gm ner dav 
(Table IIA). 

The findings in two patients of an apparent fat-sparing action of 
dietary protein for dietary fat were not confirmed in the third patient. 
These results deserve coufimation and further study. 

(7) Insufficient quantities of extrinsic factor. Patients with trop- 
ical siirue and intestinal ana.stomosLs and .strictures frequently mani- 
fest steatorrhea, which in many instances may be alleviated hv the 
admini.stration of large quantities of crude liver extract.'''- ” In ordei 
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to aseeitain wlictlier or not tlie stealoii'Iiea in tlie patients mtliout 
stomachs was due to a Jack of such a substance as an extrinsic factor 
nliicli is found in liver extract, one patient (A. Z.) was given 5 ml. ot 
crude liver extract inti'amuscularly daily for fourteen days. No a])- 
pieciable alteration in the fecal excretion of fat or nitrogen followed. 
A second patient, without a stomach (J. C.), wa.s fed 12.8 6m. of liver 
extract orally daily for twelve days. No significant change occurred in 
this patient (J. C.) in the fecal excretion of fat and nitrogen which 
were within the normal I’nnge at that time. Prom these studies, there- 
fore, it does not apjrear that the existing steatorrhea was affected by 
the administration of liver extract (Table IIA). 

Prom the evidence at hand, it was possible to conclude only that the 
steatorrhea in these patients who had undergone total gastrectomy was 
related directly to the dietary fat, possibly related to the protein con- 
tent of the diet, and prolrably related to fat-splitting enzymes found in 
the pancreas. 

The ereatorrhea, as noted in one patient only, is related not only to 
the dietary pi-otein but also to the dietary fat. 

A study of the hcmotologic picture of those pn/fcats U'ho hare hud a 
total gastrectomy for carciuoma of the stomach . — Since various derange- 
ments of the stomach such as achlorhydria and mucosal changes have 
been found to Ire associated frequently with a macrocytic anemia, it 
became important to determine if those patients who had undergone 
total gastrectomy manifested alterations in blood formation. Accord- 
ingly, weeldy studies were made on the circulating blood of each patient 
in the pi’esent study to ascertain the hematologic picture. Anemias 
were demonstrated in eaeh of the three patients that had undergone 
total gastrectomy (Table IIB), The anemias were of varied degrees 
but all essentially of the normociiromic, normocytie type. A persistent 
macrocytic anemia ivas not present in any patient. 

A. Causes for the anemia: The more proliable causes for the anemias 
were considered to be: 


(1) The patients lacked an extrinsic factor as found in liver extract 
or an intrinsic factor as found in the normal stomaeli. 

(2) The patients were deficient in dietary protein. 

(3) The patients haihored an infection. 

(4) The patients liad a disturbance of bone marrow function. 

(5) The patients suffered from disfurlmnces of alimentary digestion 


and absoiption. 

(6) The patients had a blood lo.ss or increased blood destruction. 

/It Extrinsic and intrinsic factors. .Since substances containing an 
. • ^•^etor have been found to he cflccfivc in the treatment of ccr- 

anemias,’'' it was important to determine whcflicr or not 
tarn c . patients in the jjrc.sent study was due to a deficiency 
the anemia fo,]],d in liver extract. Therefore, one jiafient (A. Z. ) 
of a priiicip •• jiye,. extinct intramnsenlarlv, daily for four- 

was given o mi. or 
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teen days, and a second patient (J. C.) was given 12.8 Gin. of liver 
extract orally, daily for twelve days without any significant alteration 
in the blood picture in either patient (Table TIB). 

Likewise, since an intrinsic factor from the stomach has been found 
to be effective in the treatment of certain deficiency aneinias,^“ it be- 
came desirable to determine whether or not the anemia of the patients 
who had undergone gastrectomy was due to a deficiency of such a prin- 
ciple as found in vcntriculin. Accordingly, the basal diet of patient 
A. Z. was supplemented with 33 Gm. of a substance potent in the in- 
trinsic factor^' daily for ten days udthout alteration in the existing 
anemia (Table IIB). 

Prom this evidence it does not appear that a deficiency of either the 
intrinsic or extrinsic factors was the cause for the anemia in those 
patients studied. 

(2) Dietary protein. It has been well established that hemoglobin 
production in anemia can lie controlled by diety® more specifically, 
that iron and protein stores or intake are the essential faetoi’s. hleats 
have been shown to be potent in these diet factors that are necessary 
for hemoglobin formation.-® With these fundamental concepts in mind 
the basal diet of each of the patients who had undergone gastrectomy 
was supplemented with 100 Gm. of beef daily for at lea.st forrrteen days. 
Such feediirgs, however, were not associated with any significant altera- 
tion in the existing anemia (Table IIB). 

Thus, it did not appear that a deficiency of dietary protein was the 
oausative factor for the anemia in those patients who had rnrdergone 
total gastrectomy. 

(3) Infection. Since the presence of infection may profoundly in- 
fiucnce herrroglobin productrorr, hr spite of aderjuate dietary protein,-® 
it became desirable to exclude such an inhibiting factor as a possible 
cause for the anemia iir tliosc patients who had undergone total gas- 
trectomy. A careful search iir each irrstance failed to reveal the pres- 
ence of an infection. 

(4) itiarrow function. Ina.smueh as the hematologic pictrrre mav be 
altered by disturbances in frrnctiorr of the bone marrow,®^ it became 
necessary to investigate, when possible, the bone marrows of these indi- 
viduals who had undergone total gastrectomy, Iticroscopie strrdv of 
the sternal maiTow of patient A. Z. revealed an essentially normal pic- 
ture. Patient D. S. was rci)orted to have died with evidence of metas- 
tatic. carcinoma in the bones of the skull, cervical vertebrae, and pelvis. 

Prom this evidence it is possible that one patient in this study mani- 
fested an anemia because of alterations in the function of the bone 
marrou’. 


(n) ^Alimentary digestion and absorption. Finally, the anemia in the 
■ ’ ■ ’’P con.sidered to be due to a disturbance 


• 

patients in this study might i/i- lun.^uei 
in alim entaiy digestion and absorption. 




To cxiiminc this possibility, 


•VontrlcviWn. 



20S 


SURGERY 


the exciclion of fat and nitrogen in tlie stools was determined in each 
patient. During tlie basal periods these individnals excreted in their 
stools from two to six times more fat than a control group of patient.s. 
Likewise, during the basal periods two individuals excreted normal 
amounks of nitrogen in their slooks, while the third subject (A. Z.) 
excreted from two to three times more nitrogen than the control indi- 
vidnals (Table IIB). 

It wonld appear, then, that those patients who had undergone total 
gastrectomy manifested a pi’onounced steatorrhea in all instances and 
a conspicuous creatorrhea in one instance. This demonstration of a 
disturbance in alimentary digestion and absorption presented a strong 
argument indicating the association of anemia nith alimentary tract 
dysfunction. 

(6) Blood loss or increased blood destruction. It has been well esfah- 
lished that continued blood loss from the bod}" or increased blood de- 
struction within the body as with intravascular hemolysis will cause or 
aggravate an anemia.^^ In order to invevStigate this possibilit.v as a 
cause for the anemia in the patients in the present study, fre(|uent 
examinations were carried out on each patient to ascertain blood loss in 
the excreta and the oral cavity and increased amounts of bilirubin in 
the circulating blood. Hematuria, blood from the oral cavity, blood in 
the stools, and hj'perbilirubinemia wei’e not demonstrated in any in- 
stance. 

Thus, it can bo concluded that the anemia in those patients having 
undergone gastrectomy was not clue to blood loss or increased blood 
destruction. 

To sutmnarizc . — It seems probable that the anemia in the ])aticnts 
having undergone total gastrectomy was not due to a deficioiic.^’ of 
dietary protein, intrin.sic or extrinsic factoi'S, or to the presence of an 
infection. However, there may have been a relationship between the 
anemia and a disturbance in alimentaz-y digestion and/or absorption 
and, in one instance, to a distui’bancc in the bone maiTow function. 
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From the results of the experiments presented it appears that the 
steatorrhea may have been due to a pancreatic enzj-me insufficiency and 
a dietary protein deficiency. The evidence for such a conclusion was 
that (1) the administration of pancreatic enzymes and (2) the ad- 
ministration of large amounts of dietarj^ protein was followed by a 
decrease in the steatorrhea. The explanation for a pancreatic insuffi- 
ciency was not clear since organic disease of the pancreas rvas not 
demonstrated in any patient at the time of operation nor suspected from 
the clinical course or history. Furthermore, repeated experimental 
and clinical obseiwations have indicated that as long as small amounts 
of exocrine function of the pancreas persist the intestinal digestion 
dependent upon pancreatic enzjnnes will be carried out in a normal 
fashion.^® 

A “primary” or macrocytic anemia was not demonstrated in any 
of the patients studied. The follow-up period in no case exceeded 
twenty months, so it is possible that sufficient time had not elapsed for 
a “primary” anemia to develop as the re.sult of the absence of a 
stomach. 

The anemias demonstrated in this study were of the normochromic, 
noiTOocytic type and refractoiy to the administration of increased 
dietary protein, intrinsic and extinnsic factors. The anemia may be 
dependent upon defective or deficient nutrition. Such a nutritional 
deficiency state may arise from an inability to utilize and distribute the 
necessary substances from the diet as well as from a dietary deficiency 
or defect itself. It has Iieen our clinical experience that patients 
with cancer of the gastrointestinal tract frequently manifest a mild 
or moderate anemia, despite a seemingly adequate diet, that is refractory 
to the usual forms of therapy, i.e., iron compounds, high protein diet, 
and liver extract, iilacrocytosis has been frequently demonstrated in 
patients with cancer of the gastrointestinal tract, however.® The present 
study has indicated the inability of these patients to utilize properly 
the dietary fat and, in one instance, the dietary protein. Other studies 
from this ho.spital have indicated that patients with cancer of the 
gastrointestinal tract have difficulty in utilizing such substances as 
vitamin A and vitamin K.®’ “ 

CONCLUSION 

Patients wlio have had total gastrectomy for carcinoma of the .stomach 
have an impaired ability cither to digest or absorb the fat of the diet 
and, in one patient, the protein of the diet. 

A deficiency of l)ile salts or a pancreatic liormone, lipoeaic, could not 
be considered causiUivc factoi-s for the disturbed lipid metabolism. 

Pancreatic enzyme aiipcarcd to be effective in reducing the steatorrhea 
in the one patient studied. 

Beef supplements to the diet were effective in reducinn- the sle-iloi-rlict 
iti two of the three ],aticnts studied. " 

A refractory rather than a macrocytic anemia was demonstrated. 
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CASE REPORTS 

lArxiNi A Z (total gastieetomj for caicmonia of tlie stomach) — A Z, a o') 
joai oh] jH.an, a.as ndmittecl to the lioapifal August, 19i0, complaining of alfcrnat 
ittg houts of dnurlioa and constipation associated iiith mild postprandial, suhsternal, 
and epigastiic pam Roontgcnograpliic studies slioued an irregular polipoid lesion 
in the upper portion of the stomach and iigidity along the lesser cunature 

Total gastrectomj was peiformed with an end to side anastomosis between the 
end of the esophagus and loop of jejunum and a side to side jejunojejunostoiiu 
A Maiwedel tjpe of jejunostomj was established foi tempoiari feeding purposes 
Prom Soptoniber, 1940, to August, J941, the patient was able to eat three leg 
ular meals each claj with onlj occasional distress There was a fire to eight pouiid 
weight gain in three months Theie was no diaiihea No specific ntanun or 
enzjmc tlieiapy was giien during this period 

In August, 1941, the patient was icadinitted to the liospital for metabolic stud 
les Ho was gnen a basal diet which consisted of carbohydrate 380 Gm, pioteiii 
from GO to 70 Gin, and fat 40 Gm No metabolic studies ere peifoimed for a 
peiiod of seien dais in order to allow the patient to become adjusted to the diet 
and hospital routine The piesent iniestigation was then begun 


These iniestigations were peiformed 

Basal diet S periods 

Pat fiee diet 4 periods 

Basal diet + 70 Gm gelatin daili 3 periods 

Basal diet + 100 Gm beef piofem daih 7 peiiods 

Basal diet + 0 Giu lipoc.aic dailr " peiiods 

Basal diet + 12 Gm pancieatic enzimes daili 1 peuod 

Basal diet + 25 Gm pancreatic enzmies daily 2 periods 

Basal diet + 4 Gm bile salts daily 1 period 

Basal diet + ISO Gm fat 1 penod 

Basal diet + 50 Gm icntrieulin daily I periods 

Basal diet + 5 ml ciudo liver extract daih 4 periods 


Periods of basal diet feedings were placed between each of these tests Peiiods 
were of thiee to foui days e.aeli in all instances except one 

Baige feedings occasionally caused some epigastiie distress which could be re 
liesed. by smaller and moie fiequent feedings Otherwise the metabolic studies 
were tolerated well and the patient was finallv discliugcd to the outpatient ebwu 
for follow up studies His weight, blood, and physical picture hine remained 


unchanged 

Pathologic Study — The specimen was a totally exiiscd stomach measuring 19 
cm along the gicater cunature and 16 <m along the lessor (.unature Portions of 
the great and gastroUopatic omenta wcie attichcd to the stomach There was no 
eiidonce of Ismph nodes insoUcd with carcinoma along the grcifor cun itiire In 
the region of tbe lesser cunature tlieie was a great deil of iiKliirntion and definite 
iidence of infiltration bx tumor m tbo fat The Kmpli nodes in this region were 
, Tumor was seen in a diffuse and sliofti distributinn just beneath the 

" on the anterior and posterior surfaces bordering on the h sscr ninaturf On 
serosa stoniacli tlieie was a \pn buIKi, widely ulcerated (iircinoinn, the cilgi' 

opening oleiatcd in a Iitight of neirh 1 cm 'The tumor extendi d 

of wliic 1 w ^ along the lesser (unafure and 3 im down the anterior 


for a dis anc proximal edge w is ipproxun ifeb 3 < ni from the line of 

and posterior !• mii<n»a was eoirted in a ropioiis laur of rmn laoiis mite 

amputation , rneac marhings were lirgiU obbtnr ited ( xi epl for about 

Tiai The usual gastric u, 

f r nrnG 


of the prepy 


lorn area 
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Microscoino SUuhj.—AHenotaxcmoma., giade 4, with fat invasion at the leaser 
curvature, «as found; no definite nodal nietastases. Mucosal atrophy nas marked. 
Intestinal metaplasia nas pie«ent. 

Zuhoratory Data.— At time of metabolic studies laboiatory data ro\ealed mine 
normal, except for an occasional faint tiaee of albumin; uiinarv gluouronates, SOO 
mg. per tnenty-four hours. Stools nere jellon-bromi, soft, bulky, and somenhat 
foul. Guaiac test for blood nas negative on repeated examinations and negsitive 
for sugar after acid hydroh-sis. Blood clicmistij ua*.; bilirubin, 1.0 mg. pei cent; 
chole.-iterol, total, 104 mg. per cent, fiee, 49 mg. per cent, ester.s, 115 mg. per cent; 
piothrombiu, 92 mg. per cent; alkaline phosphatase, 4.9 unit.s; c.alcium, 11.9 mg. pei 
cent; phosphoius, 4.33 mg. per cent; plasma vitamin A, 175 U.S.P. units; and 
caiotcne plasma, O.OS U.S P. units. 

Glucose toleiance test, after ingestion of lOn Gni. of glueose, .sliovved: 


Time (minutes) Fasting 

First te.st 

30 

(iO 

120 

ISO 

Glucose in blood S.3 

200 

23S 

70 

01 

(mg. pel cent) 





.Second test 7(i 
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170 

04 

63 

A picoperative gastiie anal.vsis f 

liowed: 





Free Aciil 


Combined Acid 



(X 710 HCl) 


(X/10 HCl) 


Refoic histamine 

0 ml. 


30 ml. 


15 nun. aftci liistumine 

0 ml. 


30 ml. 


30 min. after histamine 

0 ml. 


40 ml. 


00 mm. aftei liistaimne 

0 ml. 


18 ml. 



Tlie first specimen was positive foi Iilood; all subsequent specimens were nega- 
tive foi blood and bile. 

The sternal mairovv was found to be normal bone marrow. 


PvTiFXT J. C. (total gastiectomv foi caicinoma of the stomacli). — J. C., a man, 
aged 53 jears, was admitted to the hospital March, 1940, complaining of post- 
prandial distress and gaseous eiuctatioli not relieved by soda or food. Roentgeno 
graphic studies showed a ciuulai defect in the mid poition of the nntium of the 
stomach and a loss of rugal pattern thioiighout the pars media. 

A total gastrcctoiiiv was peifoimed with an end to side anastomosis between the 
end of the esophagus and loop of jejunum and a side to side .iejunoiejunostomv. A 
Marwedel t.vpo of jcjunostom.v was established foi temporary feeding puiposes. 
The patient was disihaigod on Ins thiity ninth postoperative day on a liquid diet 
supjilcmented witli purees and gruels. Follow up studies weic earned out in the 
outpatient department during the next three months when it was noted that the 
patient ate faiilv well but experienced some distress aftei eating large meals. He 
vonliiuied to lose weight slowlv 

The patient was rehospitab/od in .Tub, 1940, for metaholie studies. He was 
placed on a basal atiahred <liet made up from foodstuffs from a legulai hospital 
menu and lontaming quo (im of i arbolndiate, 70 to .SO Gm. of fat and SO Gm of 
piotem After n jienod of s(.^en da.vs foi adjustment to the diet and hospital 
rontine the following studies weie performed: 


Basal diet 

Basal diet j .50 Gm of ftit 

Basal diet * 70 Gm of bei*f protein 

Basjil diet + oral liver extract 

I’ennds of basal ilnu fooding wore plaied hetvvi'en the fat 

periods. 


2 periods 
2 periods 
2 peiiods 
1 period 

and beef Mippleinent 
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Tlie metabolic studies were tolerated well. Frequent small feedings caused less 
epigastric distress and a sliglit gain in weight. 

The patient was followed in the outpatient department, where studies with yeast 
and bile salts, supplements to the diet, were attempted, but proper evaluation of 
these agents could not be carried out due to dietary indiscretions and lack of coop- 
eration on the part of the patient. 

The patient died at home in October, 19-11. Necropsy' was not performed. 

Palhologic Study . — The stomach was involved by' an extensive scirrhou.s type of 
cancer with serosal infiltration but without visible or palpable nieta.stases to nodes 
or adjacent mesothelial surfaces. The growth extended to within 1 cm. of the 
esophagus on the le.sser curvature. The specimen appeared to he a total ga.s- 
trectomy with a small portion of the duodenum. A large tumor measuring 8 by 
4.5 by 2.5 cm. extended along the lesser curvature 8 cm. distant from the duo- 
denal line of excision to 2 cm. distance from the esophageal line of excision. The 
mucosa over the tumor was flat, had lost its rugae, and was paler than the sur- 
rounding mucosa. There were three ulcerated areas over the tumor proper. Three 
and one-half centimeters from the duodenal inei.sion was a soft sessile polyp 2 cm. 
in diameter. The remaining gastric mucosa was moderately infected. 

Microscopic Study . — Examination showed adenocarcinoma, grade 3 or 4, per- 
forating to the serosal surface. The polyp was adenomatous only. No node.s were 
found. 

Laboratory Data . — At postoperative study', urine showed an occasional slight 
trace of albumin, with normal sediment and urinary gluconates, 460 mg. per 
twenty-four-hour period; a Fishberg concentration test carried out July 31, 1041, 
showed a maximum specific gravity of 1.014. Stools were brown, well formed, and 
of the usual consistency. Guaiac test for blood was negative. Blood chemistry 
showed urea nitrogen, 11.1 mg. per cent; bilirubin, 0.5 mg. per cent; cholesterol, 
total, 147 mg. per cent; cholesterol, free, CO mg. per cent; cholesterol esterss, 81 nig. 
per cent; prothrombin, 90 mg. per cent; calcium, 10.8 mg. per cent; phosphorus, 

4.3 mg. per cent; plasma vitamin A, 130 U.S.P. units; carotene (plasma), 0.10 
TT.S.P. units; thiamine, red blood cells, 10 micrograms per 100 ml.; and leucocytes, 
lOl micrograms per 100 ml.; Kahn and Mine serologic tests weie negative. 


Glucose tolerance 

test, after ingestion 

of 100 

Gni. of glucose, revealed: 


Time (minutes) 
Glucose in blood. 

Fasting 

30 

00 

120 

180 

mg. per cent 

No glycosuria 

101.5 

129.2 

247 

120.5 

60.4 


A preoperativc gastric analysis showed: 

Free Acid 
(N/W HCl) 


Before histamine 0 ml. 

15 min. after histamine 0 ml. 

30 min. after histamine 0 ml. 

45 min. after histamine 0 ml. 

fifl min. after histamine 0 ml. 


Combined Acid 
(N/10 HCl) 

8 ml. 

10 ml. 

10 mi. 

.8 ml. 

8 ml. 


There was insufficient po'-toperativo material for analysis. 

p g_ (total gastrectomy for carcinoma of .stomach). — 1>. S., a •I-- 
woman was admitted to the hospital in .lanuary, 1010, for metabolic 
rp *«] gastrectomy for a linitis plnstica lyjie of carcinoma of the stom- 
studies. 0 • .at another hospital in November, lO.'tS. An end-to-shlc 

ach had been * _ .1 r, : 5 4<»innoi<*iiinoHtf»Tn V 


acU bMti p jt»junoj(*juno^toniy wore 

esophagojejunos omy finding purposes. In the tiiclve months’ interval 


as a jejunostomy or ^ ^ aciglit los.s of tliirty pounds despite a fair 

between ’‘“P;^'“„’”en,ption of a fairly adequate diet. 


V ' - 

nonetite and tbc 
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On admission to the hospital, in January, 1940, the patient was given a basal 
diet made up from regular hospital foodstuffs which consisted of 30 to 35 Gra. of 
protein, 60 Gm. of fat, and 450 Gm. of carbohydrate. No metabolic studies were 
performed for a period of six days in order to allow the patient to become ad- 
justed to the diet and new environment. 

The following studies were then carried out; 

Basal diet 2 periods 

Basal diet + 50 Gm. of fat daily 2 periods 

Basal diet -f 80 Gra. beef protein daily 2 periods 

Basal period feedings were inserted between the fat and beef supplement 
periods. 

It was found desirable to feed the patient six feedings a day to relieve a slight 
postprandial epigastric distress. Otherwise the metabolic studies proceeded in a 
smooth fashion. 

The patient was discharged to her home and care of her family physician. 

In October, 1940, multiple and diffuse carcinoma metastases were demonstrated 
in the peripheral lymph nodes, the operative wound, and bony skeleton. Death 
occurred in November, 1940. Necropsy was not performed. 

Lahoraiory Data . — At postoperative examination at Memorial Hospital, urine was 
normal and urinary glucuronates 400 mg. per twenty-four hours. Stools were brown, 
well formed, and of usual consistency. Guaiae te.st for blood was negative. Blood 
chemistry showed urea nitrogen, 7.4 mg. per cent; bilirubin, 0.25 mg. per cent; 
scrum protein, 6.0 mg. per cent; serum sodium chloride, 700 mg. per cent; total 
cholesterol, 91.2 mg. per cent; free cholesterol, 47.6 mg. per cent; cholesterol 
eaters, 43.6 mg. per cent; bilirubin, 0.5 mg. per cent; prothrombin, 78 mg. per cent; 
plasma vitamin A, 120 U.S.P. units; and carotene plasma, 0.08 U.S.P. units. 

Glucose tolerance test, after ingestion of 100 Gm. of glucose, revealed: 

Time (minutes) Fasting 30 60 120 ISO 

Gluco.se in blood, 

mg. per cent 73.3 140.8 157.4 1.32 56 

No glycosuria 


Pathologic Study of Stomach (November 9, 1938) : 

Gross; The specimen was a small contracted stomach with firm, cartilage-like 
thickening of the wall of the upjrer Imlf encircling it and e.xtcnding into the 
fundus. There was diffuse thickening and edema of the entire stomach wall. The 
wall mca.«ured 1 cm. in thickness. Tlie stomach measured 22.0 cm. in length and 
7 cm. in its greate.st diameter. No abnormal lyniph nodes were encountered. The 
mucosa was flattened and rugae were absent. There was no ulceration. 

Microscopic; The character of the fibrosis was that of linitis plastica. There 
was a chronic ga.stritis. Clusters of cells were seen in the desmoplastic submucosa 
which were diagnosed ns cancer. ’ 

laboratory Data; Study revealed urine normal. Tlie stools were small, brown 
and^wcll formed, and blood w.as demonstrated preoperatively but not po'stopera-' 


Blood chemistry: 

Urea nitrogen 

Bilirubin 

Calcium 

Phosphorus 

Phosphata.se 

Serum albumin 

Scrum globulin 


Oct. 5. 1940 

17.6 mg. per cent 
0.0 mg. per cent 
9..S mg. per rent 

4.6 mg. per cent 


Oct. 25, 1940 

19.6 mg. per cent 

11.5 mg. per cent 

0.4 units 

3.9 rag. per cent 

1.9 mg. per cent 
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Gliiposo foleianee tost, uftci ingestion of 70 Gm of glucose, slionerl- 

Time (minutes) Fasting 30 60 120 ISO 

Glucose in blood, 

mg. pel cent 11 j 2S0 200 13'! 114 

Glucose in uiino 0 11 0 0 0 

The bas.il metabolic late nas -8 pei cent and -11 pei cent 
A preopointivc gastiic analisis slionod 



Fiec Acid 

Combined Acid 


(N/tO HCl) 

(N/10 HCl) 

Befoic histamine 

8 ml 

20 ml 

5 mm affei liistammc 

14 ml 

24 ml 

15 min aftei liistammo 

IS ml 

28 ml 

30 nun. after histamine 

12 ml 

22 ml 

60 niin after histamine 

10 ml 

20 ml 
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UNILATERAL DECAPSULATION OF KIDNEY FOB 
TRANSFUSION OLIGURIA 

Spencer C. Flo, M.D., and Harwood W. Cujisiings, M.D. 

Greenfield, Mass. 

j^EOAPSULATION of the kidnei’- has been so discredited in the past 
that the medical profession has accepted it somewhat reluctantly 
as a lifesaving measure in cases of transfusion oliguria. Very little has 
been written in recent years on this subject, but NichoP has reviewed the 
theories covering the mechanism of decapsulation and we are quoting 
liberally from his article. The operation was first performed by 
Reginald Harrison of England,^ in 1878. Later Rovsing and Edebohls 
did a similar operation for Bright’s disease. Many hundreds of such 
cases so treated were reported at that time, but the classification was so 
confused and the results so equivocal, that the procedure was con- 
demned. 

The anatomy of the renal capsule has been clearly described by 
Rolnik* of Chicago: 


The renal capsule, the true or fibrous capsule, is a fibroniuscular struc- 
ture which contains some smooth muscle and elastic fibers. It envelops the 
kidney somewhat loosely, but quite .securely, and cover.s it much in the 
manner of a hood, being- firmly attached at its neck or iiilus where tlie pelvis 
and vessels enter, and covering its surface rather loosely. Vue to this ar- 
rangement the cap.sule can be readily freed froni the surface of the kidney, 
and thus decapsulation can be done without injury to the parenclij-ma. 
All other parenchymatous organs have a capsule which is firmly attached 
and which cannot be removed, except by tearing of the surface, and often 
producing considerable trauma. The elastic fibro-muscular structure of the 
capsule, together with its rather loose attachment to the surface of the 
kidney, permits it to accommodate itself readily to any rapid variation in 
the size of the kidney, whicli may occur as result of change in infrarennl 
tension. 


The following theories liave been advanced to show why decapsula- 
tions are of value for nephritis : 

1 Harrison stated that decapsulation simply relieves tension in the 

^*^^Volhard thought tlie mecJianical effect of handling and .squeezing 
the kidnev at operation probably caused a protein shock. 

3 Horder" compared the operation with a simple wet cupping, i.c., 

• n- from the denucled cortex. 

ooziUo 1 Vienna suggested that the opening of l.wnpliatic chnn- 

is the important factor, and through these chan- 
nels from the coriL.x • 

for publication. Dec. 
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nels it is possible to drain an infected renal cortex. In support of this 
theory he drew attention to the fact that there is frequently a profuse 
flow of clear discharge from the draining tract leading to the kidney 
cortex. 

5. l\Iany believe the good effects of decapsulation for nephritis are 
brought about by a profuse collateral circulation developed immedi- 
ately following operation. This has been definitely disproved by 
Haslinger and Eolnick,^ who have shown that the new capsule is thicker 
than the original, but the benefits of the operation long outlast the short 
period required to develop a new capsule. It has been found by ex- 
perimenters that within a period of seven to ten days after decapsula- 
tion, a newlj' formed capsule is on its way to development and is well 
established within three weeks. This continues to increase in thickness 
for two months. The new capsule which replaces the old is not similar 
to the original, for it consists of scar tissue onljL It has no elasticity, 
is firmly adherent to the kidney surface, and infiltrates the cortex. 
While some European surgeons speak of repeated decapsulations, it is 
not possible to separate this new capsule without tearing the renal 
parenchyma. There is no space between the cortex and the new capsule 
allowing for free interchange of fluid and lymph. It has been demon- 
strated that indigo carmine injected under one normal capsule is rap- 
idly excreted from both kidneys, so there must be a free interchange be- 
tween the renal parenchyma and this fluid. 

6. Fisher did much work on anastomosis of sjTupathetic nerves of the 
kidney capsule. In general, these nen'es run independently of the ves- 
sel nerves in the kidney parenchyma adjacent to the capsule. A net- 
work of all the capsular nerves lies at the hilus, and Fisher is of the 
opinion that this in some reflex manner influences the flow of blood 
through the kidney. He claims that faradic and mechanical stimulation 
of the capsule decreases the volume of the kidney without any ap- 
preciable effect on the blood pressure. He concludes that the renal cap- 
sule is a reflex-regulating apparatus for blood flow through the kidney. 
Decapsulation breaks up the sympathetic connections between the cortex 
and the capsule, and thus in reality is a sympathectomy. In inflamma- 
tion of the kidney spasms of blood vessels play a major part and in de- 
capsulation the breaking up of the sjnnpathetic system causes the vessels 
to lose their vasomotor tone. Accordingly, by decapsulation, the blood 
circulation of the kidney is improved and the damage caused by sta«'- 
nant toxins is eliminated, as these toxins are harmful to the secretorv 
and excretory systems of the kidney. 

Regardlc.ss of the mechanism involved in decapsulation, when used 
for transfusion oliguria, where bilateral operation was done, the results 
have been spectacularly good. Of cour.se, it will always be debated 
whether or not the beneficial effect is purely coincidental.' A m-eat deal 
of experimental work could still be done in this field. Notwithstanding 
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the immediato benefits, Ihci-c is little question that the kidneys lemain 
pomanenlly damaged, because of the denseness and adherence of tlie 
neuly foimcd capsules. Ila\dch,“ for exam 2 fie, refers to cases irhich 
Jiavo iiad biiaieral decapsulation, where subsequent h)te}viUTcnt intcc- 
tions caused frosli cmbarra.ssment of the kidneys, and ended in death 
because fui-ther decapsulation could not be porfoimed. 

^^eiy few eases of unilateral decapsulation have been repotted, bat 
Foibes and Packard^ did a unilateral decapsulation for nephritis, fol- 
lowing an appendectomy, with diuiesis and recovery, although they 
failed to describe the condition of the kidneys postoperativcly, Itavich- 
deseribed a ease of unilateral decapsulation for tran.sfnsion oliguria with 
diuresis and recovery, but lie too, failed to show the postojierative state 
of the kidneys, excej^t to say that tiicy functioned normally. If it is 
true that both kidneys will respond to unilateral decapsulation, then 
we feel that it is the procedure of choice, because if anything .should 
happen to the docapsulated kidney, there would still he a definite maraiii 
of safety, an intact Icidne.v. 


REPORT OF A CARE 

A 48 3 ’eai old voman vlio had alHaj"? enjojed good licaltli had hccii transfused 
seven daj's piioi to tier admission to this hospital. The day hcfoie her ti.insfusiou 
she liad had a diagnostic cuiettage and amputation of the ccniN hminso of nigiaal 
bleeding of twelve daj’s' duration. The pieopciative Wood studies showed a red 
count of 3,550,000 and a licmoglobin of 71 pei cent, liut because the patient hud Mt 
“washed out’’ and tlicd, her local doctoi thought the giving of some blood would 
hasten hei lecovei.y. Aftei 430 ce of citiated Wood had beon injected, it was noted 
tliat she was in seiere slioeh. She lapnlly lesponded to the usual supportise treat 
ment, but upon catheterization twelve hour!, latci, 200 e.e. of lilaeh urine were 
obtained. At tiiis time we saw tiic p.itient rn consultation. Xausea and lomitmg 
had begun slioitlj' after transfusion, necessifnfing- IVarigensreo/i drainage it was 
estimated tliat her stoniacll diainage was 1,000 to 1,200 e.e. dail.v and insensilde 
fluid loss 1,000 c.c. (Rlie was gnen .1, 000 c.c. of iiiti:i\ onous fluids dails, consisting 
of 1,000 c.c. 5 per cent glucose in physiologic saline solution, and 2,000 r.r, •' 
per cent glucose in distilled watci. Hei local doctor attempted to eoiiihat iiraloois 
bj- soda bicarbonate oralh' but this was iiicfCectual because of \onuting. 

During the ne\t weeh her urinarj output u.-is Of) to !>0 te. for cacti 
twenty four-hour period. The urine wns lerj enneentrated. showing I I’h’s 
albumin, slight acetone, and man\' white blood cells. Daring the hitter part of 
the week she began to liaic edema of the fare and estreimties iiud hei nine red 
drow.sv. Her Idood pressure had risen from 120/6(1 tn I lO/SO. At thi'i time il wiv 
thought wise to transfer her to the I’lanKlin County I’nblic Hospital. 

Our c'caniiriafion reicnled a woman wifli genernli/ed otlema. The lungs were 
clear and the nbdoinen «hglitl.v distended, possibly due to edeiun of the oierhing 
t'Uieotis tissues. Both hidiiess were niarkedly eiilaigml and tender. Tin’ 
**^ 1 * .|5 normal and the blood pressure 140/70. Behie esiimiaatioii was ant 

1 *t she had \crv little raginal Weeding since oiienilion. The Idond eldorides 
done, u ■ tilood count was l,77.",,OOll, hemoglolni, ar, per rent, ntole 

were 4. „olviuorphoan(de:irs per icat, and ilm Wood nonprolein 

Wood count h,iuo, 1 ’ . 

nitrogen US v'h' ^ uriwari oiilpiit was •iboiil the s'lnn. ;,„d gc/n nil loiidition 

The folio" ing < ‘k nett dll'" nine dais after tiaiisi'iiuliin. slie s(,,Med more 

Wul not Changed. H'cnc 
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stuporous. The nonprotein nitrogen had risen to ISO rag. On this day her henio- 
glohin was 28 per cent, red blood count 1,920,000, white blood count 16,300, uith 
91 per cent polymorphonuclear cells. A unilateral decapsulation uas elected 
because of seiere secondar}' anemia and poor geneial condition. 

The left kidney was operated upon undei local anesthesia, a subcostal in- 
cision was made and great care uas taken throughout the operation to ligate 
vessels as ne went along, using Xo. 50 cotton. The kidney was markedly en- 
larged, purplish blue, and bulged through the incised capsule, with some escape of 
fluid. It was stripped to the hilus. There were no remaining areas of constric- 
tion, and no apparent injury to the parenchyma during the procedure. A drain 
was placed in the depth of the uound and the incision closed in layers, using 
Xo. 30 cotton. The patient’s condition at the end of the operation was no worse 
than before. 

UHIlIABy OUTPUT 
Post-transfusion days# 


VOil r. 123456789 10 1112 1314 15 16 1716 19 20 21 22 23 24 25 26 
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Fiff. 1 — Intiike of fluiils, fiom two ilajjs after transfu«?ion until two cla\s after 
Oecapsulution, \\as consJstentlj StKW) cc intia\enoiJs (2000 c.c. of 5 pei cent’cluco<te 
in illstilleil \%atei. and looo cc of 5 per tent ^rUrcose In noimal saline solution) 


Immedmtely after surger\ she seemed belter; \onuting ceased, she was more 
alert, and her spirits iinpro%ed. Tlic intra\enous fluids were continued as before 
as well as large doses of ce\itamic neid. Plasma or any other proteins w’ere not 
guoii for replacement, because wc were fearful of what any foreign protein 
might do to the already damaged Kidnejs. She was Latheteri/ed o\erv twehe hour.*' 
postoperatnely. The first twt*nt\ four hour period produced 211 c.c.'of urine with 
a foul odor, euUiues of winch ^.Jiowed colon bacillus At this time the Wan^rensteon 
tube was clamped and she was able to lake eraiKed ue without further ^onntinf>. 
The secoml lwent\ four liour postoperalne period produced <12r> e e. of mucli clearer 
urine. N<»w the nonprolcin nitrogen wa- mg., the blood pressure was 1(10/00 the 
patient was tnhing Inpiids b\ mouth, and intra\enoiis tlierap; was discontinued' In 
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tlie third twenty-four-hour period 340 c.c. of uiine were obtained by eatlieter, but 
during the night marked diuresis started, and slie had large involuntary voiding'-. 
At this time there was a large amount of serous drainage from the nound. Tliero- 
after she was able to pass much mine (Fig. 1). The edema rapidly disappeared 
and her kidneys were no longer palpable. As soon as tolerated, a high protein diet 
was given, as well as large doses of iron, but the blood and hemoglobin regenerated 
slowly. She continued to improve from this time on, except for marked mental 
confusion on the fifth postoperative day. The psychiatrist who saw her felt thi'- 
condition was probably due to sudden loss of fluids, and the confusion u’as con- 
trolled by paraldehyde. 

She was discharged on the eighteenth postoperative flay. The red blood count 
was then 2,440,000, hemoglobin 42 per cent, white blood count 0,100, and the non- 
protein nitrogen 20 mg. per cent. The wound healed by first intention. The 
pathologic report of the previous operation had returned and, as it showed no 
malignancy, she was sterilized by x-ray for functional uterine bleeding. 



Piir 2. — Eieht minutes after injection of diodrast. (Courtesy of Dr. Felix O. Flei'cli- 
ner, Beth Israel Hospital. Boston. 


In lier home-town the iraticnt liad been typed a.s of Group IJ, by the Jluss tech- 
nique, and the donor as of Group IV. A leclieck by us letealcd the patient to be » 
type iv and tire donor type II. The cross-niatobing showed riipid agglutiiiatioii willi 
hemolysis, so that within fi\c iiiiniites, no clumping was olrscned, as the ehirniis 
bad been liemolyzcd. 

The patient was seen two months later. Sire was fei-Iiiig tery well e.xeept for 
ultiple joint pains, altlioiigb sire had never had rbeumatism in the imsi, jire-umabh 
nausal arthralgia or some joint ebtinge resulting from tlic liarisfusion reaction, 
oalobin wa.s 73 per cent, Ibe red Irlood eoiint 4,000,000, the noiiproleiii nitrogen 
o ° Complete urologie .studies were niiido and cy.sto-'eoiiie exnminidion rerealed 
20 mg. catheters wore pliieed in oaeli kidri>y [leUis, and there was a 

a norina -{((.at'drip bilaterally. A split function stiowed appearance of ihi' on 
clear, intcrmi on the left in .llfr minute-.. Intravenous iivelogr.-inis wen- 

tire right in remits can be “cen by tlie following pliolograidi-, willi a report 

carried out an j'jpiicbner of Boston .'ays; 

tj- the roentgcuologrsb 
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The left kidney is slightly lon-er than normal. Intravenous pyelography, 
performed with diodrast, showed good excretion of dje on either side after 
eight minutes. On the eight minute film, groups of pinhead sized deposits 
of dye were seen in the medial lower quadrant of the left kidney, other- 
wise the calyces and kidney pelvis were well outlined. The films taken 
after twenty minutes showed these small deposits communicating and 
emptying into the lower calyx and the pelvis. On the left there is a kink 
at the ureteropeh-ic junction and atony of the upper third of the ureter. 
The significant result of this examination is the fact that the left as well 
as the right kidney shotted normal excretion and good concentration of 
dye with the intrarenal passages ttell pre.served in width and shape. There 
ttas a single unusual finding; the small depo.sits of dye, for which observa- 
tion we have been unable to find an analogy in the literature accessible to 
us. Thus, we feel compelled to advance a tentative interpretation of this 
observation. The small “cavities,” as visualized by the dye, located in 
the cortex of the medial lower quadrant of the kiilney, recehe their dye 
from the excretory system of the kidne}'. There has been, apparently, 
minimal traumatization of this portion of the kidney parenehj-ma, resulting 
in interference with some of the collecting tubules. Small pools have been 
formed, and by some kind of recanalization, drainage of these pools to the 
calj’X has been established to compensate for the supposed localized damage. 



FIk. 3 — Twenty minute-! after injection of rtiodrast. (Courtesy of Dr. Felix O 
Fieisciinei, Beth Isniel Hospital, Boston.) 


It is to he understood that decapsulation is not to be employed until 
medical and supportive measures have failed. Wc- feel the most impor- 
tant medical treatment is the intelligent use of fluids. Coller* states that 
“water halaiiec .should be maintained with isotonie glucose solution, 
taking into account tlie insensible lass and that lost by vomiting and 
\\ angensti-en drainage. Sodium chloride solution should be used onlv 
to cover salt losses by vomiting and drainage, and aside from this should 
never exceed more than one-half liter a day. Tiie CO, combining power 
shoii d ie kept al)ove (10 hv use of swliuin lactate solutions. 1/6 molar,” 
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After an arlntrar.v period of about one Aveek of medical and sup- 
portive treatment wliich has failed to increase appreciably the urinary 
output, decapsulation must be considered, as the patients in a feiv of 
the reported cases of late decapsulation have died, CA’en after the onset 
of brisk diui'csis, and autopsy has revealed severe necrosis of the kid- 
ney. We feel that no ease should be alloAved to terminate fatally fortlie 
patient without the benefit of surgery. 

We have presented a case of uremia, following transfusion reaction, 
apparently cured by unilateral decapsulation of the kidney. The e.xact 
mechanism is not clearlj’’ understood and certainl.A" deserves investiga- 
tion, both cliniealh’ and e.xperimentall.A'. Since the patient’s condition 
was becoming progressively worse, and spontaneous recoA’ery Avas de- 
spaired of, AA'e felt that a unilateral decapsulation Avould do less harm 
than bilateral, and that bilateral might cause enough shock to result in 
an unfaAmrable outcome. If a unilateiml decapsulation Avill break the 
vicious chain of events, this is the procedure of choice, especially in A'iev 
of the damage to the kidney such an operation must entail. 
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UEINARY RETENTION FOLLOWING THE COMBINED 
ABDOMINOPERINEAL RESECTION 


Frederick A. Coller, M.D., and Peter F. Eastman, j\I.D. 

Ann Arbor, ilicH. 

(From the Department of Surgery, Unirersity of Michigan, Ann Arhor) 

INTRODUCTION 

T he incidence and cause of urinary retention following the opei'a- 
tion of combined abdominoperineal resection for rectal neojilasm 
are not clearly known despite many studies of this problem, some of 
which have appeared in the literature of the subject.'"^ The occurrence 
of this complication is probably so variable with differing surgical 
techniques that observations made upon this point by any individual are 
of limited value so that one cannot safely generalize from them. How- 
ever, the nature of certain possible pathophysiologic changes in the act 
of micturition can be studied by accurate yet relatively simple means 
and such a study should furnish valuable information of both prog- 
nostic and therapeutic value. 

Adequate emptying of the bladder depends, to a considerable extent, 
upon i)ro])er function of the detrusor meehani.sm“ which receives its 
ma.ior motor nerve supply from sacral roots of the second, third, and 
fourth parasympat belies. The position of the.se sacral roots and the 
pelvic nerves of their perijihcral cxtcn.sion in the sacral plexus has led 
some previous investigators-- ^ to conclude that a mai'ked degree of 
operative trauma to these structures Is inevitable during I’emoval of the 
rectum and that subscfjuent urinary retention is due, at least in part, 
to atony of the bladder. Therefore, a study was made at the Univei-sitv 
Hospital to determine the effect of the one-stage combined abdomino- 
lierincal resection upon the motor activity of the urinary bladder. 


Air. 1 




Twenty-two unselected patients umlergoing one-.stagc combined 
abdominoperineal resection with spinal anesthesia (mipercainc, l.o ec ) 
were studied by means of pre- and imstoperative cystometrograms. The 
tecbni<pu' emiiloyed was tliat described by McClellan,^ A simplified 
water cystometer was used for lhc.se determinations. The preoperativc 
study was made on the morning of operation. At this time, the bladder 
was filled to ultimate cajiacily. that is until uncontrolled voiding about 
'"'‘1 readings taken. The po.stopcrative determi- 
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nations were made twenty-four to forty-eight hours following operation, 
300 e.c. of fluid were introduced into the bladder, and again cystometro- 
grams were made. This procedure was considered adequate to demon- 
strate normal or abnormal detrusor activity since the intravesical 
pressure developed in response to this fluid volume could be compared 
with the intravesical pressure developed in response to a similar fluid 
volume in the complete cystometrogram recorded before operation. 
Therefore, if the patient could empty his bladder completely, as de- 
termined by postvoiding catheterization perfonned several days after 
the inlying catheter had been withdrawn (on three to seven postopera- 
tive days), no further studies of bladder motor activity were made. 
However, if urinaiy retention did develop following the catheter with- 
drawal, further cystometrograms, ^rtth complete bladder filling, were 
recorded during this period of retention. Bladder thermal sensation 
was determined at the time of each study by the injection of 60 c.c. 
of fii'st warm and then cold water. Microscopic examination of the 
urinaiy sediment was made at the time of the other obsenmtions. 

OBSERVATIONS 

In Table I are pre.sented the “normal” bladder capacity and intra- 
vesical pres-sure at capacity for each patient. Table II presents a com- 
parison of the intravesical pre.ssure developed in response to a given 
fluid volume l)efore operation with that developed at a similar fluid 
volume following operation by all patients on whom the one-stage com- 
bined resection of the rectum was pci-formed. The patients who 
developed urinary retention following operation are indicated by an 
asteri.sk, and tlie further complete cy.stometrograms performed upon 
these patients during this period of retention are compared in Table 
III, with the normal preoperative findings taken from Table I. 

Table IV presents for com])aiison data collected by similar observa- 
tions on patients on whom colostomy was performed. 


rO.MMENT 

It will be noted in Table I, that “normal” bladder capacity and 
inlravc.sical pre.ssure vary considerably from patient to patient within 
Ibis group. Although this could be attributed to previous or extant 
genitourinary disease in .some, in othei^ no such e.xpianation could be 
bnind. This imiflies clearly that accurate evaluation of the effect of the 
re.seetion of the rcelum or of any other operation upon the bladder 
motor activity cannot be made from po.stoperative cystometro"rams 
alone. It can be seen (Table II) that bladder motor activity was not 
w-eakeiied following operation and that thennal sensation was not lost 
This was equally true wiiether or not the patient developed urinarv 
retcntion tlab e III). A significant inerea.se in intravesical pres.sure 
at a g.ven thud volume will he oh. served in the postoperative rLordim^ 
in several <-ase.s wheix. the complete resection was perfonned; however, 
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all paticiils cxliibitecl cliu'ing the period of inlying catheterization afford 
suffieient explanation for this increase in bladdei’ motor activity. 

Although urinary retention did develop in five patients, in four it 
was of short duration. Two patients were unable to void upon catheter 
withdrawal. Two voided easily at this time but accumulated a residuum 
of urine over several succeeding days. In all cases daily catheterization 
for a short period gave complete relief and all of these individuals 
were voiding easily and carried no I'esidual urine at the time of leaving 
the hospital. The fifth patient develoiied extensive abscesses of both 
anterior and posterior wounds and remained a bed patient for two 
months following operation. She required continuous inlying catheter 
drainage during this period Inil repeated eystometrograms showed no 
evidence of increased vesical capacity or decreased intravesical pressure 
at any time. At the time of her diseliarge from tlio hospital, two and 
one-half months following operation, she was voiding normally and 
cari'ied no residua' urine. 

Tliesc observations, although they indicate , tlmt the bladder nerve 
supply was functionally intact following ojieration, still offer no expla- 
nation for the mild urinary retention which did take place in five of the 
patients studied. It is possible that edema of the lower urinary traet 
incident to trauma played some part in the two individuals who ex- 
perienced acute retention when the catheter was withdrami, since daily 
catheterization for a short period gave them complete relief. It is also 
l)ossible that operative transection of the vesieosacral ligaments may 
have caused alteration in the anatomic relations between the vesical 
neck and membranous urethra producing mechanical obstruction to 
proper urine outflow. The im|)ortance of this relationship in normal 
voiding has been stressed by Rose in his discussion of the physiology of 
mieturition.’'' Further study of this aspect of the pro'ileni by pre- and 
postoperative urclhroeystograin (x-rays) is ncee.ssary to elucidate this 
point. In addition, urinary retention may and does occur in the absence 
of demonsti-able bladder nerve disea.se or obstructive uropathy as after 
herniorrhaphy, hemorrhoidectomy or any laparotomy. This type of 
urinary retention lias never been adequately cxiilaincd and it is probable 
that such explanation will not be forthcoming until the physioloirv of 
normal voidiin' is better undei’stood. 


The mieroseopic examination of the urinary .sediment indicated that 
all patients had pyuria and baeteriuria twenty-four to forty-eight houi-s 
after tiu' inlyiii" catheter had been inserted. In only one patient did any 
elinieal eviilenee of lower tuu-l infection develop. One man developed 
bilateral eiudidyniitis on the tenth iiostoiierative day, which resjionded 
witliin six days to orally admini.slered sulfadiazine (.S Om. daily) and 
local lieai with scrotal sujiport. The pyuria and baeteriuria had sub- 
.sided prior to the disehar-ie of the patients from the hospital \\\ 
l.alients were Ldven sulfadiazine. I.."* (Jm. tiaily, durinir the period that 
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Table II 


PATIENT 


D. H. 

O. H. 

E. -yv.* 
A. B.* 

O. C. 

D. P. 

L. S. 

L. L. 
IIcN. W. 
A. P. 

A. BA 
D. M. 

A. A. 

A. E. 

S. SA 
G. E. 

B. S. 

W. NA 
N. L. 


fluid 

VOLUJIE 

(C.C.) 


235 

100 

150 

250 

200 

150 

475 

200 

250 

200 

250 

150 

350 

250 

300 

300 

300 

300 

300 


I preoperative 

1 POSTOPERATIVE 

I. V. P. 

THEKaM. 

I. V. r. 

TIIEKM, 

(C.M.) 

SE-VSE 

(CAI.) 

SE.VSF 

35 

++ 

3S 

+ 4 

/o 

4 + 

75 

44 

10.5 

+ + 

13.5 

44 

20 

+ + 

3S.0 

4 + 

11.0 

+ + 

11.0 

+ + 

9.0 

+ + 

8.0 

+ + 

IS.O 

+ + 

24.0 

+ + 

10.5 

+ + 

21.5 

-I 4 

15.0 

+ + 

25.0 

+ + 

1.9.0 

+ "f 

20.0 

•f + 

14 

+ + 

17.0 

+ 4 

0.5 

+ + 

9.5 

+ 4 

(i.O 

+ + 

16.0 

+ 4 

25 

+ + 

27.0 

44 

(iO 

+ + 

60 

44 

6.0 

+ + 

6.0 

44 

12.0 

+ + 

16.0 


35 

+ + 

35.0 

+ 4 

12.5 

+ + 

14.0 

4- + 


iLUA cue vjamoinea aunominopenneai re^^ection. 

Asteijsk indicates patients who de^eJopet? uiinaiy letcntion. 


Table III 



( PIIEOPERATIVE 

1 POSTOPERATIVE 

1 



capacitv 

WnKJil 

(OAPAOm 

I. V. p. 


E. W. 

6,10 



so 

Cntli. out 5 (la.vs; nciito rctpiiiKiii 
relicicd bv cntli. for 48 hniir- 

A. B. 

1 

400 


450 

33 

1 

45 (bns cafli. drainam’; jantojiora- 
1 tnp ab=ccs-ps 

A. B. 

I 750 

HlHi 

' 750 


Paitial retention; 
(la\ c 

eatli. (laih •> 

S. S. 


(J5 

OoO 

bibI 

Partial retention; 
(l;n s 

eiitli. ilnil.' 3 

W. X. 

300 

35 

i!75 

“ 1 

Partial retention; 
lionrs 

ealli. ilnib is 


Pto- and pn^topt r itl\ c bl iddor capicitj and Jntrn\ cvfcal piP'*siiro In putnril‘< 
who dextlopod unnar> lotontion following- combined abdorninopcrlnr tl rejection 


T\BLf: IV 



Vi t n> 

\OI l Mf 
(f-t-) i 

1 ri.FopniATn I 

1 rilsTOPH ITU I 

I ^ r. 

riiP'nr. 

SfNSt 

I. \. 1*. 

IfOr ANP 
( nr t> 

.M. M. 


21.0 

+ -i 

■HQIBi 

1 

G. K. 

150 

15 

-C 

rr.M 

4-^ 

B. S. 

275 

hO 


r>fi 

r 


— dit-i ‘’Inidir to TihJf I fi»r puhnta iimh rjroJn^' onl> Bljrrnofd rolo'itofn^* 


ice tlii'' iilso took '» tliosc p;i(icn(s ivlio ii 7 i(Jcnrc/i( onl\' n fmlliii- 

colostomy it "Os pioiMliIy fine (o cniisc*- otlioi tlmn li.ni'Jiatif 
ritatLi 01 '(iisnijAion of the wrxo supply, f •..rl.iinly lii- 

- * • r the lo'vcr "fiiitnuriimi-y tim-t In llic inlyinu' f.iliirfcr. the 

"n!!!!!.sw7cPf)mj)r<'s-sion oi the nHna'.' hIMr. nwl thr pm/ii.i uliiih 























TISSUE REACTIONS TO MEDICAJIENTS USED IN THE 
LOCAL TREATMENT OF BURNS 

SIark E. Maun, M.D,, Richard C. Schneider, M.D., 
Matthew A. Pilling, M.D., and John Winslow Hirshfeld, 1M.D. 

Detroit, Mich. 

(From the Department of Pathology and the Department of Surgery, VTayne Uni- 
versity College of Medicine, and the Surgical Service of Jteceiving Sospital, Detroit) 

M any surgeons have compared a burn to an open wound and have 
advocated treating it as such. This comparison is an apt one, 
since in both the continuity of the surface epithelium has been 
destroyed. If we accept the dictum that a burn must be regarded as 
an open wound, then no material should be applied to its surface which 
will produce further tissue damage or, in effect, make the bum more 
severe. Our purpose in this communication is to call attention to the 
tissue altei’ations produced on the fresh wounds of dogs by materials 
commonly used in the treatment of burns. 

We had had the opportunity of observing the behavior of burned 
surfaces in seventy-five human patients treated by the application of 
agents commonly recommended for the local treatment of burns.* 
ilany of the patients had been burned in several areas; thus each area 
could be treated with a different agent, and we were able to compare a 
large number of agents. Our observations led us to suspect that some 
of the eschar-forming agents increased the tissue damage, since the 
healing time of burns treated with these drugs was slower than that of 
apparently comparable burns treated with an inert ointment beneath 
a voluminous pressure dressing. Clinical observations of this sort are 
necessarily open to question, for it is difficult to estimate the depth of 
burns when they are first seen. In order to determine definitely 
whether or not our clinical impression was correct, we compared by 
means of biopsies the effects of tannic acid and silver nitrate and of 
quebracho tannin with those of vaseline gauze on human donor sites 
from which split-thickne.ss grafts had been removed with the Padgett 
dermatome. Except for the covering of burned tissue such surfaces 
simulate second degree burns. This study demon.strated the destructive 
power of tannic acid plus .silver nitrate and of quebracho tannin on 
human tissues in such a striking fashion that we were led to speculate 
about the notion of other eschar-forming .siibstance.s commonly emploved 
for tlie local treatment of burns. Since the number of patients requir- 
ing skin graft.s is limited, we were forced to resort to experimental 

animals. 


Il.H-fIvi'iI for inibllcatlon. March 10. 1943. 
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the catheter was inlying and for twenty-four to forty-eight hours 
following its withdrawal. 

summary 

Bladder motor activity and thermal sensation were studied in twenty- 
two unselected cases befoz'e and after operation for rectal cancer: 

1. Preoperative cystometrograms in this series indicate a great varia- 
tion in bladder capacity and intravesical pressure in subjects who have 
normal bladder function. 

2. A comparison of pre- and postoperative cystometrograms disclosed 
no evidence of injury of nerves governing vesical function. 

3. The etiology of the temporary urinarj’^ retention ivhieh did develoj) 
in five patients is not known; certain possible causative factor’s are- 
mentioned and methods for their further, elucidation arc suggested. 

4. Oral administration of sulfadiazine, 1.5 Gm. dail.v, did not prevent 
the development of pyuria and bacteriuria in all patients after forty- 
eight hours of inlying catheter drainage. 

5. Abdominoperineal resection of the rectum destroys neither the 
autonomic nor the somatic neiwe supply to the bladder’. 

In view of these facts it is probable that postoperative urinary re- 
tention after this operation as after some other operations, such ns 
hemorrhoidectomy, is due to local trauma and refle.v inhibition. 
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TISSUE REACTIONS TO MEDICAMENTS USED IN THE 
LOCAL TREATMENT OP BURNS 


jMark E. SIaun, M.D., Richard C. Schneider, M.D., 
Matthew A. Pilling, i\I.D., and John Winslow Hirshfeld, M.D. 

Detroit, Mich. 

(From the Department of Pathology and the Department of Surgery, Wayne Uni- 
versity College of Medicine, and the Surgical Service of Receiving Sospital, Detroit) 

M any surgeons have compared a burn to an open wound and have 
advocated treating it as such. This comparison is an apt one, 
since in both the continuity of the surface epithelium has been 
destroyed. If we accept the dictum that a burn must be regarded as 
an open wound, then no material should be applied to its surface which 
will produce further tissue damage or, in effect, make the bum more 
severe. Our purpose in this communication is to call attention to the 
tissue alterations produced on the fresh wounds of dogs by materials 
commonly used in the treatment of burns. 

We had had the opportunity of observing the behavior of burned 
surfaces in seventy-five human patients treated by the application of 
agents commonly recommended for the local treatment of burns.* 
Many of the patients had been burned in several areas; thus each area 
could be treated with a different agent, and we were able to compare a 
large number of agents. Our observations led us to suspect that some 
of the eschar-forming agents increased the tissue damage, since the 
healing time of burns treated with these drugs was slower than that of 
apparently comparable burns treated with an inert ointment beneath 
a voluminous pressure dressing. Clinical observations of this sort are 
necessarily open to question, for it is difficult to estimate the depth of 
burns when they are first seen. In order to determine definitely 
wliether or not our clinical impression was correct, we compared by 
means of biopsies the effects of tannic acid and silver nitrate and of 
(luofiracho tannin with those of vaseline gauze on human donor sites 
from which split-thickness grafts had been removed with the Padgett 
dermatome. Except for the covering of burned tissue such .surfaces 
simulate second degree burns. This study demonstrated the destructive 
power of tannic acid plus silver nitrate and of quebracho tannin on 
liuman ti.ssucs in sueli a striking fashion that we were led to speculate 
about tlie action of other eschar-forming substances commonly emploved 
for the local treatment of burns. Since the number of patients requir- 
ing skin graft.s is limited, wo were forced to resort to experimental 
animals. 

for inibltcaHon. March 10. 1943. 
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METHODS AMD MATERIALS 

By means of a Padgett dermatome it is possible to obtain skin 
injuries of almost constant depth. This machine, devised for tlic 
purpose of cutting Thiersch and split-thickness grafts, enables one to 
remove a uniform layer of skin of desired thickness. The knife usuall.v 
removes the epidermis plus a small portion of the papillary layer of llie 
corium. The hair follicles and the sebaceous glands in the remaining 
corium are left unhai'ined. These structures serve as a source of cells 
which will re-epithelize the surface of the naked dermis. Tlie lesion 
produced (Pig. 1), except for the jiresence of a layer of burned epi- 
dermis, simulates a second degree burn. If the eschar-forming ma- 
terials are capable of destroying normal tissues, tlieir action should he 
manifest upon their application to such a surface. 



1, Control, ilonoi .-ito iriino-dl.it- U .ifl- r pioii ir.illori ( in innllli iillon yl"") 

Ei'diteen dons tvciv ancstlicti7e<l with nciolnilal. their hair "as 
(dipped, and their tlaidcs and thorax \tcrc shawd; llndr skin was tlmit 
wa.shcd thorouuddy with soap and ualcr. .VeM H w;is idealised oilh 
-n ncr cent alcoliol followed by etl.er in order to inmide a drt siirtaee. 
mi eeincnt used in conjunction with the I’adnett derioatoiiie va- 
I ond after it had diaed. a layer of .slcin appi osimatelt O.dlis 
appllCt . ‘ ,-,,„)oved liolii either vide of the nitiliial ftlud- 

inch in t ”* piessiire witli nan/i- Taoivtetnd willi ttaira [diysio- 

ing wascontio et . hliniimr vas enniinlled. tin- donoi 

logic saline solnlmti. - 
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site on one side of the animal was treated with a preparation of one 
of the following substances: 

1. Triple dye compound 

2. Sulfadiazine in triethanolamine with methocel 

3. Thrombin and thrombin with fibrinogen 

4. Paraffin 

5. 10 per cent tannic acid 

6. 5 per cent silver nitrate 

7. 10 per cent tannic acid plus 5 per cent silver nitrate 

8. Quebracho tannin 

On the opposite side of each dog vaseline gauze dressings were applied 
to the similar donor site. Biopsies Avere taken from l)oth Avounds in 
each animal before application of the medicament and at approximately 
tAvo, six, ten, and tAventj-^-four hours after. In a feAv animals biopsies 
Avere taken more frequently and for longer periods of time than tAA'enty- 
four hours. All biopsy specimens Avei'e fixed in 10 per cent formalin, 
embedded in paraffin, and stained Avith hematoxylin and eosin. 


MICROSCOPIC OB.SERA'ATIONS 


Triple D]]eS' — Examination of the biopsies removed after tAA'o hours 
from donor sites on Avhich triple dye had been placed revealed collections 
of fibrin and red blood corpuscles on the exposed surface of the 
corium. On this surface and betAA'cen the collagenous bundles, small 
broAAmish granules Avere found. The superficial collagenous fibers ad- 
jacent to the granules presented a homogeneous appearance and Avere 
poorly outlined AAdiile the bundles in the deeper portions of the corium 
AA’crc sharply separated (Fig. 2). In the biopsies removed after four 
houi's of treatment Avith the dye, almost one-half of the entire corium 
liresented a homogeneous acidophilic appearance interrupted by irreg- 
ular crevices. Only at the innermost portion of this homogeneous zone 
were normal collagenous fibers recognized. A fcAV focal collections of 
leucocytes Avere seen about the vc.ssels near the advancing edge of the 
e.seliar; these Avere granulocytes and lyinpliocytes. Hair follicles found 
in the homogeneous mass shoAved a marked loss of staining qualities. 
In the several sections aA-ailable for examination at the end of six hours 
the lesion Avas little din'erent from that seen at the end of the four-hour 
period (Fig. 3). In contrast, biopsies from donor sites coA’ered In- 
vaseline gauze showed, tAvo to six hours after preparation of the site 
small collections of fibrin and red blood cells on their dermal surface 
and normal collagenous bundles (Pig. 4). 

8eclions taken ten hours after aiiplication of the dye .shoAved the 
eschar to be .still thicker. It appeared as a dense, deeply staining ma.ss 
sharply separated from the collagenous bundles of the deeiier portion 
of the corium. The hrittlene.ss of the e.schar Avas demonstrated bv 
fragme ntation produced by the microtome knife. Within the eschar. 
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Fig*. 2.— Donor site two liours after ticntmcnt with triple clj’c; note supeiflclal Jionio- 
geneous zone (magnification X175>. 
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remnants of hair follicles were present, and at the edge numerous 
perivascular focal collections of leucocytes were found. 

In sections taken twenty-four hours after the application of tlie dye, the 
eschar had extended tlp'ough almost the entire dermis. The leucocytic 
exudate had increased to form a thick layer of cells extending into the 
suheutis. Numerous liair follicles were enmeshed in the brittle eschar, 
which was sepai-ating at many points from the underlying normal 
corium (Fig. 5). The donor sites covered hy vaseline-impregnated 
gauze showed no evidence of damage to the collagenous fibers (Fig. 6). 



Fip. 1.— Donor at hours. co\ero<J by \aselinc pauze; notQ "wcU-preservCc 

collaponous ftbers (magnification X175). 

One case in a human being in which triple dye had been applied to 
a prepared donor silo was available for study. In the biopsy obtained 
one hour after its application the dye had provoked an exudate of 
fibrin and many red blood corpuscles. A comparable site treated with 
va.solinc gauze showed little reaction. Six houi-s after application of 
the dye a rather marked exudate of fibrin and red blood corpuscles 
was seen on the surface of the wound. The eschar production in the 
dye-treated wound was evidenced by the appearance of a homogeneous 
deeply staining, aeidojihilie zone. No leucocytic infiltration was vet in 
evidence. At six hours comparable wounds treated by vaseline "atize 
.showed comparatively little reaction. 

Examinat ion of biopsies obtained at the end of fourteen hours .showed 
the donor site which had been treated with vaseline gauze to bo moder- 
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atel}' infected, and numerous leucocytes ivere seen on the siu’face of 
the dermis. In contrast, a brittle eschar had formed on the Mmund 
treated by the triple dye, and the superficial portion of the dermis -svas 
almost replaced by this deeply staining homogeneous mass. Beneath 
it large collections of leucocytes were present. 

Sulfadiazine in Triethanolamine With Mcthocel .^ — Eight donor sites 
were prepared for the application of this material, and opposite control 
sites were prepared for vaseline gauze. In biopsies obtained at two 
hours only small clumps of fibrin and a few red blood corpuscles were 
found on the surface of the dermis. The most supeiUcial collagenous 
bundles were indistinct and appeared to coalesce. Between them an 
eosin-staining fluidlike material containing small granules was observed. 
In sections taken at four hotrrs these bundles of collagenous fibers ap- 
peared to fuse, and the entire area stained more uniformly with eosin. 
An e.xudate made up of small groups of granular leucocytes separated 
the damaged from the deeper normal collagenous fibers. Sections pre- 
pared from biopsies of the donor sites six hours after application of 
vaseline gauze showed only small collections of fibrin and leucocytes on 
the surface, but in biopsies taken from the wounds treated by sulfadia- 
zine in triethanolamine unth methocel, the now familiar changes found 
in eschar production were observed. The most superficial collagenous 
bundles were deeply staining and almost homogeneous. Collagenous 
fibers immediately liencath the deeply staining area were almost indis- 
tinct, and about them focal collections of leucocytes were present. 
The damage to the dermis was variable in extent in all biopsies and was 
not always uniform in the same tissue section. 

Examination of the biopsies removed ten hours following tlierapy 
revealed only a continuation of the previou.sly related process, char- 
acterized by an increased penetration of the triethanolamine compound, 
desti'uction of hair follicles, and an increased leucocytic exudate. Pi-om 
twenty-four to tliirty houi-s following therapy a large portion of the 
corium was destroyed liy production of a brittle eschar, which eschar 
was apparently shattered by tlic microtome knife. In addition, an 
intensive leucocytic exudate was seen beneath the eschar and about 
the homogeneous collagenous fibci’s which had been damaged by the 
medicament. 


It was possible to obtain biopsies from a human donor site treated 
by the triethanolamine compound at three, twelve, and thirty hours 
after treatment. Tlic tissue reaction and formation of the e.schar varied 
little from that seen in dogs. In the biopsies at three hours there was a 
mild fibrinous and leucocytic exudate present on the .surface of the 
dermis. The collagenous fibers stained normally. At twelve hours 
however, the .su]iorfieial bundles had been converted into a narrow liomo- 
gcncous easin-slaining zone, at the base of which a few leueoevtes were 
Pi;^t. In sections prepared from the biopsies thirty houre after 
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application of tlie inedicanient the eschar ivas practically identical 
with that found in the biopsies taken at the end of the twcnty-foiir- 
honr period. 

Till ombiiv and Thrombin With Fibrinogen. — Examination at two 
houis of sections from wounds covered by tlironibin revealed on the 
surface a marked exudate of red blood corpuscles. A few leucocylo.s and 
small quantities of fibrin were also present. The application of throm- 
bin and fibrinogen reduced the erythrocytic exudate, and the dciinal 
surface was found to be covered with a loosely adherent eosin-staining 
granular mass. It seemed to push into the adjacent collagenous bundles 
but produced no evident tissue changes. In the biopsies taken after 
four to six hours, few additional changes were noted in the sections. 
In certain areas some collagenous bundles shoived mild retrogressive 
changes and were suri-ounded hy small collections of leucocytes. Similar 
retrogressive changes were noted when a donor site ivas covered by 
vaseline gauze or left untreated. In biopsies taken ten to twenty-four 
hours after application, numerous leucocytes were found on the dermis 
and throughout the superficial portion of it ivhile the collagenous 
bundles often showed retrogressive changes. These findings ivere at- 
ti’ibuted to infection of the donor sites. 

Paraffin.! — Examination of sections from donor sites covered by 
paraffin showed no damage to the dermis after two to four horn's. Tlic 
only constant finding was an increased number of grannlar leucocytes 
between the more superficial collagenous fibers. In .sections taken after 
six hours the donor sites showed no evidence of tissue destruction nor 
alteration apparently duo to the applied ])araffin. 

10 per cent Tannic Acid; 5 per cent Silver Xitrafe ; 10 per cent Tannir 
Acid pins 5 per cent Silver Nitrate; and Quebracho Tannin. I — After 
comparing the hiopsics from the donor sites 1 rented hy the above agents 
we concluded that the tissue changes produced were similar; hence these 
medicaments will be con.sidcred as a group in flic following dcserijhions. 

In the biopsies taken after two hours of therapy the.se tanning sub- 
stances wove found as brown to brown i.sh-black masses of refracfiic 
<Tranulc.s on the surface of the freshly denuded roi-ium and ))etwmi it*- 
coila"’enoiis handles. Some of the maierhd was also found in tiic 
incised hair follicles. In many of the .sections the more .s[j/»cr/icial 
collagenous hundlc.s stained more intensely and appeared glossy; tlww 
chaiige-s were interpreted as the earliest evidence of damage to tlu 


^rniis. 

Sections taken six hours followitiir apfdicalion of tlie tanning agents 
•cd their deeper penetnifion between the eoIJagenous bundles. Tlw 
^e'et'ed fiboi-s now .stained deeply «ith <s,siu mid appeared as a com- 
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pact homogeneous mass containing many hair follicle? and sebaceous 
glands. This newly formed eschar was separated from the deeper 
normal coi'ium by a thick layer of leucocytes. Biopsies taken from 
donor sites treated by vaseline gauze showed only a sliglit reaction to 
the medicament and surgical trauma. Small masses of fibrin and 
clusters of red blood cells were seen on the surface of the wounds. 
There was no evidence of tis.sue destruction. 

Biopsies from donor sites treated by tanning agents showed striking 
changes after twenty-four houv-s of therapy. Beneath the tanning 
agents the eschar appeared as a structureless acidophilic mass separat- 
ing at numerous points from the more normal dermis. These lines of 
separation were often limited by an intense leucocytic exudate Avhieh 
was emijedded in collagenous bundles showing marked retrogressive 
changes. In subsequetrt biopsies these collagenous bundles formed a 
part of the complete esciiar or slougli, and complete re-epithelization 
occurred beneath them. In the wounds treated by vaseline gauze a 
varjdng degree of leucocytic extravasation probably dependent on 
secondary infection was found. Notably there was a little damage to 
the dermis and very little exudate between the collagenous bundles. 

Examination of the donor sites at forty-ciglit hours shorved them to be 
infected because of difficulty in keeping the dressings intact and the 
wounds clean. Tanning agents had produced extensive damage with 
destruction of the corium to a great depth, leaving undamaged only a 
thin strip of collagenous bundles and in some sections only the fatty 
subcutis. Va.seline gauze-treated wounds showed some damage to the 
superficial portions of tlie dermis, damage lu'obably due to the observed 
infection. 

mscrssiox 

Agents that iiroduce a firm eschar have been u.scd extensively in the 
treatment of burns. Although many advantages are cited favoring the 
use of sueh medicament.s, very little attention has been given either to 
the clinieal eoinplications or to the tissue eliangcs resulting from the 
ap])lication of esehar-forming agents. IVe are more eoncci'ned at 
l)rc.sont with tlie latter lu’oblcm. 

Since its introduction in l!i2T, tannic acid' has been used widely 
in the treatment of burns. Aldrich,’ in 1!)33. ap])liod aniline dyes 
which he believed formed an eschar superior to that formed by tannic 
acid, since (1) the eschar did not crack, (2) there was an instantaneous 
analge.sia, and (3) the eschar suiiposcclly sterilized the liiirn by nelitial- 
izing luieteria. lie was of the opinion that burn “toxemia” paralleled 
infection. After some experience Aldrich added brilliant green and 
.'icrifiavinc to gentian violet .solution to prevent the !rrowth of gram- 
uegative organisms. More recently, in V.W. Pickrelk advoenteVthe 
u.so of 3 per cent .sulf.-nliazine in « per ecnl ti'ictlsanolamine to he 
sprayed upon hnrned areas. I'his likewise forms an e.schar and in most 
instances prevents infection. Uolhman and his eo-woiher.s" liave j?}.st 
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apphciilion of tlie inorlieajiieiit Ihc eseJiar ivas pnicfieally identical 

with Hint found in the biopsies taken at the end of the twentv-foiir- 
hoiir period. 

TJnomhin and Thromhin 'W'ifh FfJjriunrjcn . — Examination at t^vo 
hours of sections from M'ounds covered by tlirombin revealed on the 
sin f.iec a marked exudate of red blood corpuscles. A fen* leiicocx'tes and 
small rpiantitie.s of fibrin were also present. The application of throm- 
bin and fibrinogen reduced the crytbroc.vtic exudate, and the dermal 
surface was found to be covered with a loosely adherent eosin-staining 
granular nia.ss. It seemed to push into the adjacent collagenous bundles 
but prodiiced no evident tissue changes. In the biopsies taken after 
four to six honrs, few additional changes were noted in the sections. 
In certain areas some collagenous bundles showed mild retrogressive 
changes and were surrounded by small collections of leucocj'tes. Similar 
retrogressive changes ^verc noted when a donor site was covered by 
vaseline gauze or left untreated. In biopsies taken ten to twenty-four 
hours after application, numerous leucocytes were found on the dermis 
and throughout the superficial portion of it while the collagenous 
bundles often showed retrogi’essive changes. These findings were at- 
tributed to infection of the donor sites. 

Paraffin .] — Examination of sections from donor sites covered by 
paraffin showed no damage to the deraiis after two to four hours. The 
02 il.v constant fi 2 iding was an inci’cased number of granular leucocytes 
between the more superficial collagenous fibers. In sections taken after 
six hours the donor sites showed no evidence of tissue destimction nor 
alteration apparently due to the applied paraffin. 

10 per cent Tannic Acid; 3 per cent Silver Fifrafe; 10 per cent Taniuc 
Acid d per cent Silver Xifrafe; and Quebracho Tannin.l — After 
comparing the biopsies from the donor sites treated by the above agents 
we concluded that the tissue changes produced were similar ; hence these 
medicaments will be considered as a group in the follonung descriptions. 

In the biopsies taken after two horn's of thei'apy these tanning sub- 
stances were found as bromr to brownish-black masses of vetvactile 
granules on the surface of the fre.slily denuded corium and between its 
collagenous binidles. Some of the material was also found in the 
incised hair follicles. In inanj- of the sections the more supei’ficial 
collagenous bundles stained more intensely and appeared glossy ; these 
changes were interpreted as the earliest evidence of damage to the 


dermis. 


Sections taken six hours following application of the tanning agents 
d their deeper penetration between the collagenous bundles. The 
afMed fibei-s now stained deeply with eosin and appeared as a com- 
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THE EELATIONSHIP OP ACUTE ANEMIA TO WOUND 

HEALING 


Ak Expekimextal Study® 


E. L. Besser, jM.D., and J. L. Ehrenhaft, M.D., Iowa City, Iowa 
(From ihe Departmenis of Surgery, Pathology and Internal Medicine, University 
of Iowa School of Medicine) 


I N REVIEWING the literature on wound healing, one frequently finds 
statements to the effect that wounds do not heal well in patients 
%nth anemia,''^ We were unable to find any experimental M'oi'k to 
substantiate or disprove this postulate. 

Certain systemic factors are known to influence wound healing. It 
has been show that vitamin C is necessary for the production of eol- 
lagen.“' “ Both experimental studies and clinical observations have 
.show that an adequate intake of vitamin C is necessary for normal 
wound healing.'"" Epithelial healing is delayed when thei'e is a de- 
ficiency in vitamin A." When hypoproteinemia exists, fibroplasia is 
decreased, wound healing is delaj'ed, and eviseration is common.^*'" 

The problem of anemia and wound healing presents two aspects: 
first, the relation of acute anemia to wound healing, and, second, the 
relation of chronic anemia to wound healing. Chronic anemia is often 
found in deliilitated patients who also have vitamin deficiencies or hypo- 
proteinemia. Since it is definitely established that these latter factoi-s 
influence wound healing, and chronic anemia usually does not exist 
without some degree of these other deficiencies, it is difficult to draw 
conclusions from patients of this group. Acute blood loss from trau- 
matic wounds or extensive operations causes acute anemia which is 
usually uncomplicated by other deficiency states. In a series of cases in 
wl\ieh the patients dcveloiied shock during operative procedures at tlic 
rniversity Ilo.spitals, dextrose-citrate pla-sma was found to be efficacious 
in the treatment of this condition.’^ In certain cases, whole blood loss 
had been marked, and there was a resultant acute anemia. Our inter- 
est was aroused as to whether the coui’se of these patients would be as 
satisfactory as if they had been given whole blood transfusions to com- 
bat both red cell and plasma loss. The question arose— would tlieir 
wounds heal as readily? It was felt that this problem could be adapted 
to experimental study. 

Erpcrimcntal Procedure . — The first extensive studies of tensile 
strengt h of wounds in experimental animals were carried out bv 


"Thl' sU'iJy ''“s "’o'f with ihc cooperation of Dr. Elmer DoGnaSn of to* ti 
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roporiod a rp-otii, of cnsos in wiiicli the patients were treated in a 
stinilar manner and exhibiting few infections. 

Several investigalors"’ ' Imvo studied the effects of tannic acid and 
similar medicaments on e.xperiinenlal burns, and their work has sug- 
gested that eschar-forming agents may delay healing. Clinical tests' 
have also been made wherein various agents were tested on donor sites 
of man, and wc were able to obtain biopsies from prepared luunan donor 
sites vliich permitted a comparison of tissue reactions to several tanning 
agents and to vaseline gauze. In order to test further the medicaments 
used in burn therapy we placed them on prepared donor sites of dogs, 
and we have been able to study the reaetions of normal tissue to the 
medicaments in sei'ial biopsies. The pi’ocedui'e discussed in this paper 
should be useful in estimating the deleterious effects of any substance 
that might be used on burned surfaces. The demonstration that most 
of the agents commonly employed in the treatment of bums have the 
ability to destroy normal tissues and thereby increase the depth of 
the burn, demands that one question the wisdom of emplomiig them. 
If the.v are used, one must be certain tliat the beneficial effects offset 
the hai’m done by the increased tissue damage. 

It may be that in the future a substance will be supplied having all 
the features desired for the treatment of burns. From these studies we 
ma 5 ' well wonder whetlier any material can be found which will become 
closely enough adherent to the surface of a fresh wound or burned 
area without damaging normal tissrres. At present it would seem that 
eschar-forming agents produce the eschar over burned surfaces by 
necrotizing normal tissues. In order to stick to a moist surface without 
combining with tlie surface and therebj' damaging it, an inert sub- 
stance would have to form a meclianical union with the cells of the 
epidermis or with the collagenous bundles of the coriimi. The existence 
of a material having the capacity to form such a union seems Iiighl.v 
unlikely. Tlie alternative is to maintain a nonirritatiug substance over 
the burn by a suitable dressing or adhesive attached to adjacent 
normal striietures. 
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tion as those reported by Howes and Harvey" and other workers.”'"® 
Immediate tensile strength of the sutured wound was between 150 
and 200 mm. of mercury. A lag period occurred until the fourth or 
fifth day, and a rapid increase in tensile strength then followed dur- 
ing the sixth and seventh days. It was found that the mean values 
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KIk. 1, — Tho rc*latlonj<hlp of ncute uncmlu to wonml houlinp ns shown by 
strotiKih of incision*' in tin* stoinuch of the Uo^. 


tensile 


oi the tensile slmigtli.s of the ineision.s in the ancinie and control do"s 
.sho\vcd no sitinifiennt difVerenee.s. Although experimental error Is 
considerable in this type of proce<hire, the values overlap and the 
averago.s arc close. 

Microscopic, studies showed e.ssentiully the same picture in both the 
anemie ami control dogs. Fibroplasia could bo seen on the second 
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Ilarycy and Howes'- and theiv co-workers. Tliey found that the 
tensile strength n-as dependent upon tlie growth and maturation of the 
fibroblast and noted that after a lag period of three to five days, fibre- 
p asia began abruptly and proceeded with decreasing velocity until a 
maximal strengtli was reached about the twelfth to fourteenth day. In 
most of these experiments, small incisions were made in the stomachs 
of guinea pigs or rats and the wounds were closed ■noth 000 plain cat- 
gut. The tensile strengths were detei-mined by distending the stomachs 
with air. Other investigators have used this method with slight modi- 
fications and have found similar curves for the tensile strength of 
healing wounds.^"'” 

Our experiments were carried out on stock dogs of varjdng sizes aud 
ages. The dogs were fed adequate and uniform diets. While con- 
sistent results Avere reported by those Avho distended the entire stom- 
achs of guinea pigs or rats, Ave found that distending the entire stom- 
ach of the dog resulted in Aidde A-ariations. It Avas felt that these dif- 
ferences Avere based largely on the A'ariations in the size of the stomachs. 
Therefore, Ave fovmd it expedient to open the stomach and place the 
incision to be tested over the open end of an Erlenmej-er flask, and 
this fixed area of stomaeli Avas then distended bj' air under manometric 
control. Our procedure Avas as folloAVS: Tavo incisions, each 4 cm. in 
length, AA-'ere made through all layers of tlie stomach Avail. One incision 
Avas made near the pylorus and Avas used for determination of tensile 
strength. The other incision AA'as made in the cardia and this Avas 
used for microscopic study. Suture material consisted of 0000 plain 
catgut. A continuous Lembert suture was used to appiuximate the 
muscularis and submueosa. The serosa Avas closed by three interrupted 
sutures. The abdominal Avound was closed A\dth silk. The animals 
Avere killed on subsequent days and the tensile strength of the incisions 
determined as described above. TAventy-six dogs Avere used as controls. 
Acute anemia Avas produced in tAventy-six dogs by AA-itlidraAAdng blood 
from the femoral artery, Tlie plasma was immediately replaced at the 
time by intravenous infusion of pooled plasma from donor dogs. 
Hematocrit and total protein determinations Ai-ere made preoporatirely, 
on the day f olloAAung operation, and on the day Avhen the tensile strength 
determination As-as carried out. These data are given in Table I. Vita- 
min C levels were determined in the early experiments. The dogs, 
iiowever, Ai-ere fed on knoAvn adequate diets for sev'eral Aveeks pi’ior to 

ration and the levels Avere consistently nomal. It Avas thought 
unLcessary to continue these determinations. 

^Tliere Avas no significant change in plasma proteins he- 

e pre- and postoperative levmls. The anemia produced varied 
tAveen i extreme, and, in most instances, Avas beloAV the levels 

from nto en jn cases of hemorrhage. Tlie curves of ten- 

usually 10 incisions in relation to days folIoAving operation 

sile strengths o mi,pgg curves have the same general configiira- 

are shown in Eig. 
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1 onn rr,™ nf mpretirv. A lag period occurred until the touitn oi 
ffith day and a rapid increase in tensile strength then followed dnr- 
ITthe and seventh days. It nas £onnd that the mean valnes 



of the U'lisilc slrpn^llis of llie incisions in the -anemic and eontvol dogs 
showed no significant differences. Althougli experimental error is 
consideralilc in tliis type of procedure, tlie values overla]) and tlie 
averages are close. 

Microscopic studies showed essentially the same picture in both the 
anemic and control dogs. Fihrojdasia could he seen on the second 
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clay. TJic fibrohlasls were bridfrinjr aeross rapidly until tlie fifth day 
at, whicli time bviclsiuy: seemed complete, and this coincides with ’a 
rapid rise in tensile strength on this day. On the sixth day, definite 
eonti action of tiic wound had oceurrod and inflammatory reaction 
was minimal. Some inter.stilial fll)rillar material could he seen as 
early as the seventh day. On the ninth day and eleventh day, newly 
formed fif)rons tissue a]ipeared to l)e very dense and firm. Epithelium 
started to bridge aeross on tlie second day and evas fused by the third 
day. Glandular formation wm.s seen about the ninth day. 

The dogs recovered from the anemia rapidly and by the eleventh 
day the hematoerit values were nearly normal. Therefore, it wms felt 
unnecessary to carry the experiments further than eleven daj's post- 
operatively. 

DISCUSSION 


WJien whole blood is unobtainable, plasma is being used extensively 
in treating shock due to hemorrhage in militaiy surgery and to a lesser 
extent in civil practice. These experiments suggest that the acute 
anemia found as tlie result of this procedure does not retard -wound 
healing. This should not lie interpreted as complete endorsement of 
the use of plasma rather than -whole blood in the treatment of shock 
due to hemorrhage since it has not yet been proved that acute anemia 
does not have other detrimental effect, such as lowering the resistance 
of the patient to infection. 


SUMMAKY 

Acute anemia produced in dogs does not retard wmund healing as 
shown by determination of tensile strengtli and microscopic study. 
The clinical significance of this finding has been discussed. 
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1\IALI6NANT NEOPLASMS OP THE SPLEEN 

R.eview op the Lttehature and Peport op a Case op Pkiharv 
LYJ tPIIOSARCOjMA (PETICULUJt-CEEE TyPE) 

Paue P. IIausmann,® JLD., and Fred \v. GAAKDE,t M.D. 

Rochester, JIinn. 

A . TliE Boston City Ilospital,-"'^ out of a total of 4,000 surgical 
procedures, splenectomy was performed only twice for primaiy 
splenic malignant disease. Smith and Rusk, in 1923, extensively re- 
viewed the literature and added two eases to the 102 I’ecorded instances 
of such malignant disease. Of this number, in twenty-two cases the 
condition was described as lympho-sareoma ; two of the cases had been 
reported from the Mayo Clinic. 

Cai’eful review of the literature subsequent to 3923''''’ ®'”’ 

24, 2 ,, as, 34, s.i, 3n, 40, 41 I'^vealcd reports of forty-five additional corrobo- 
rated eases of splenic malignant disease, including nine of lymplio- 
sarcoma.“’ Reports of twenty other cases were indexed 

but had been printed in journals that were not available. If tliis latter 
group is accepted, the total is brought to 169. Two cases of lympho- 
sarcoma^'’’ and seven others of malignant disease of the spleen in 
which the diagnosis was confirmed histologically at the clinic, 
brought the total of known cases of all types of malignant splenic neo- 
plasms to 178, of which thirty-three were lymphosarcomas. 

We i-eport a ease of primary reticulum-cell lymphosarcoma of the 
spleen which we recently observed. 


report of case 

A tall, tliin merchant, 3S yeais old, registered on Aug. 20, 1940. The following 
history was elicited. 

From January to April, 1940, the patient had had vague, nnreferred and mo- 
mentary epigastric pain which occurred at any time of day. In April, immediately 
after a late night lunch, he had experienced severe sharp pain in the left shoulder 
and boring pain in the left upper abdominal quadrant. This pain caused him to 
writhe and toss all night but it subsided by morning, leaving a residual tendcrne.ss 
which continued for two or three days. The results of physical examination and 
roentgenologic examination of the stomach, gall bladder, and colon carried out at 
tliat time elsewhere were negative. The man was then free from symptoms until 
T 1 31 1940, three weeks prior to registration, when he experienced slight pain 

■ the left shoulder and severe pain in the left upper abdominal quadrant for which 
■ t tion of morphine and hospitalization were necessary. Further roent- 
geno'^girexamination elsewhere revealed in the left upper abdominal quadrant a 
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tumor which was causing deformity of the splenic flexure of the colon. After the 
attack of pain, slight re.sidual tenderness persisted in the left upper quadrant and 
was present when the patient was admitted to the clinic. 

Physical examination yielded only the following positive findings: There was 
an occasional coarse rale in the apex of the left lung anteriorly. Small, soft, non- 
tender inguinal nodes were palpated bilaterally. The region of the left upper 
abdominal quadrant ^Yas tender to deep palpation and on deep inspiration — the 
lower margin of the spleen, which was firm and smooth, could be felt but with 
ditSculty. Percussion over the left lumbar region was moderately painful. 

Eoentgenograras revealed an extrarcnal mass in the left upper abdominal quadrant. 

Examination of the blood revealed nothing abnormal. The results of serologic 
tests were negative as were those of the urinalysis, microscopically, although albu- 
min, grade 1, on the basis of 1 to 4, was present. 




PIk. 1 — Oro'*'! uppearnnee of surface of rcticiiluni-cell lymphosarcoma of snleen 

made bj sectionlnB. • 


On Aug. 23, IPIJ, surgical operation was performed. The spleen was round, 
tense, and enlarged to about four times normal sire. Splenectomv was difficult 
because of adhesions to the undersurface of the diaphragm. There was no evidence 
of extension of disease to any of the other abdominal organs or of involvement of 
nny of the lymph notice. 


ConvalcEconce was uneventful and the patient was dismissed from t . 
on the fourteenth postoperative daj. Roentgen therapy over both upper abdn^-' 
quadrants ami over both inguinal regions was given. ' On his return to the el'”^ 
for further roentgen therapy on Oct. IG, IWO, approximately two months po!!' 
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opern nc j, ( ipio was no pvidoiifp of extension or of Rcncralizntion of disease and 
us on \ complaints were of ocensionnl slight pains ovci the incision and of residual 
wearness, lie had gained fourteen pounds (ti.-l hg.). Small, soft, inguinal nodes 
wore still palpaldo but not enlarged. 

T he spleen weighed SIO Gm. and measured 14 by 12 by 7 cm. If was firm and 
reddish, with firm yellow i.sli nodules easily visible beneath the surface of the capsule 
\\ lich \\aH o\cm \\\Ik‘io Miiooth :ui«l unbroken except on the diaphragniafic surface 
where il was roughened by several dense fibrous adhesions. Tiie capsule was not 
invaded anywliorc by neoplastic tissue. Cut surfaces (Pig. 1) revealed numerous 
round and oval, yellowish-brown nodules, 1 mm. to S cm. in diameter, almost com- 
pletely replacing the normal splenic parenclij-nia, wliich was recognizable only as 
uariow'cd, coiiiprcssod, reddish-brown bands coursing between the oval yellowish 
masses. Tliore were no regions of hemorrhage or of degeneration. 



Fig. 2. — Beticulum-celt l.vmpliosarconia of spleen ; only a small strand of recognizable 
splenic architecture can be noted (magnifleation X55). 


Histologically, as in the gross, only a few small regions of recognizable splenic 
parenchyma containing scattered malpighian corpuscles were oliscrvcd (Fig;. 2). 
The remainder of the tissue consisted of undemarented, solidly packed, round cells, 
slightly larger than mature lymphocytes, ictaining none of the architectural charac- 
teristics of splenic or of lymphoid structure. Here and there, small blood vessels 
were visible, and in a few regions evidence of lioiiiorrliage into tlic tissue was scon. 
Only a few vestiges of fibrous trabeculae icmained. Under high niagnilicatiou (Fig. 
Si it was seen that the tumor cells were about twice the size of lynipliocytes and 
tlmt they contained hyporchroniatic nuclei with large nucleoli. The cytoplasm, 
large in amount, bad the “misty” apiiearancc described as characteristic of tho 

cells of reticulum. 

F h 7 1041 the patient returned to the clinic. For five or six weeks He 
a irn-nsient dull and shur]. pain in the left upper abdominal quadrant and 
had bad • ..^riuiii. Uo bad lost twenty pounds (0.1 kg.) since his hast visit 
pain in tbe cp^y^^ pronouBceJ that he Juitl spent most of tlio pa*^! moiitli in be(k 
and weakness wa ..vealcd two hard lyinpli nodes about the size of walinif.s, 

Physical cxaniin.t ion r questionable uuw.s in tlie left npjier nbdom- 

in the left supraclavicular fossa, q 
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inal quadrant, but there -were no otlier nodal enlargements. Palliative roentgen 
therapy was given over the two regions and tiie masses disappeared. The patient 
left the clinic in two neeks somewliat stronger but tlie subsequent course of his 
disease was gradually downward, and on July 7, 19-11, he died at his home. 


CLASSIFICATION' OF IIALIGXAXT SPLEXIC XEOPLASMS 

liliieh of the confusion which exists regarding the terminology em- 
ployed in designating the histologic diagnosis in reported eases of 
malignant disease of the spleen could be obviated if it were remembered 
tliat there are four types of tissue in the spleen from which tumors can 
arise. Enumerated in outline form, these tissues are : 

I. The capsular and trabecular framework from which arise fibroma, 
fibrosarcoma, and spindle-cell sarcoma. 



II. The lymidioid elements wliieh give rise to lymi)lioma and lympho- 
blastoma. Lymplioljlastomatous tumoi-s we ehoose to classify further as 
follows : 


A. Ijym])liasareoma. 

1. Large round-cell (reticulum-cell type). 

Small round-cell tlym])hol)la.stie type). 

•1. fiiant lym])li follicle hyiK-rplasia. 

II. Hodgkin's granuloma. 

III. The vavular or sinusal endothelium from which arise angiomas 

as well as their malignant counterparts, endothelioma, endotholird s-iV 
coma, and angiosarcoma. ‘ 

1\. The rctieul„.,.„.i,„i,^.p,.,i system, or portion of the framework of 
the spleen, which gives rise to siilenie enlargement in the syndronie.s of 
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Giiiiehei’, of Nieniiiiiii-Piek, and of Christian, and to I'etieulo-endo- 
llielioina and relienlo-endotlielial sai’eoina. 

Allhongli tliere is not any tissue in tlie spleen from -which eareinonia 
might arise, primary earei7ioina of tlie spleen -was reported in the 
medical literature prior to 1923. Unle.ss the tlieoiy of embryonic cell 
rests is accepted, and an authentic in.stance of such a rest has not been 
observed, the diagnosis must be regai'ded as untenable. 

There ai'e obsei'vci's -who distinguish sharplj' between lymphosarcoma 
and giant lymph follicle hyperplasia. We have included the latter as a 
subclassification of Ijunphosareoma until further knowledge allows its 
classification elsewhere. 

Analysis of the available accounts of primary malignant lesions in 
forty-five cases, reported from 1923 tlirough 1940, established the in- 
cidence of the various tj'pes of splenic neoplasms (Table I). 

Table I 


Incidence of Malignant Neoflasms op the Spleen in 45 Case.s, 1923-1940 

Inclusive 


GKOUP 

DIAGNOSIS 

CASES 

TOTAL 


Primary carcinoma 

1 

1 

I 

Primary sarcoma 

8 



Large round-cell saicoma 

7 



Small round-cell sarcoma 

1 



Unspecified round-cell saicoma 

2 

IS 

II 

Lymphosarcoma 

9 



Keticulum-cell sarcoma 

1 



Giant lymph follicle Iiyperplasla 

3 

I 13 

ni 

Endothelioma 

1 1 



Endotlielial sarcoma 

1 



Angioblastoma 




Angiosarcoma 




Hemangio-endotlielioma 




Malignant Iiemangioma 


10 

IV 

Heticulo-endothelioma 

1 



Reticulo endothelial sarcoma 

2 

8 


Total 


45 


The pathologist’s diagnosis in the cases of splenic neoplasm observed 
at the clinic, not including the two cases of lymphosarcoma reported 
prior to 1923, are recorded in Table II. 

Table II 


pATHOi/)Gic Diagnosis in Nine Cases or Splenic Neoplasm 



■ DIAGNOSIS 

1 CASES 

TOTAL 

■ i 

Primary sarcoma 

Filirosarcoma 


4 

n 

ni 

^ iv^ 

Lympfiosarcoma 

Kcticulum-eell lynii)Iioaarconia 

Riant hmph follicle Iiypcrplasia 

i 

1 

I 

.3 

— nwintlielial sarcoma 

S-yUiThGmdbtlielios 

2^jTotal 

1 

1 

1 

1 

9 
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In spite of the varied terminologj’^ employed by different authors, all 
of the reported tumors were inelnded easily and conveniently in one of 
four gimips of our outline according to the tissue from which they 
sprang. The pathologic diagnosis thus served to indicate the pre- 
dominance of a particular type of cellular element or the degree and 
direction of differentiation of the tumor. The gi’eatest variation of 
nomenclature was observed in descriptions of the neoplasms which we 
have listed in group III, a fact which might justify JIacCallum’s 
hesitancy to accept endothelioma because of his fear that its inclusion 
Avould prove to be a wastebasket for unusual tumors lacking character- 
i.stie.s permitting ready recognition. 

The only reported instance of primarj’^ carcinoma of the spleen*" 
from the yeara 1923 to 1940, inclusive, which we were able to find 
concenied a patient whose first demonstrable lesion was a nodule on a 
imttock. Necropsy revealed extensive carcinomatous infiltration of the 
liver and spleen. Inasmuch as convincing evidence of primary origin 
of the disease was not presented, the carcinoma of the spleen, in our 
opinion, must be regarded as metastatic from an unrecognized primary 
lesion. 

The predominant numiier of tumors were included in group I (Table 
I) although, as was pointed out by Smith and Rusk, many tumors of 
this group could be classified as lymphosarcoma, since small round-cell 
sarcoma is practically indistinguishable from the lymphoblastic type, 
and the large round-cell sarcoma is identical nith the reticulum-cell 
type of lymphosarcoma. Accepting this fact, it appeal's that subsequent 
to 1923, as prior to this date, lymphosai'coma has been the tj’pe of 
jn'imary splenic malignant disease most commonly encountered. 

Sex incidence in the cases reviewed by Smith and Rusk was fifty-one 
men and thirty -two women; in twenty-one instances, the sex was not 
stated. Cases of malignant splenic neoplasm reported subsequently else- 
where included seventeen men and eighteen women, whereas at the clinic 
there were five men and four women. In the cases of lymphosarcoma 
re])orled elsewhere five patient.s were men and four were women, while 
botli ]>alienls observed at the clinic ivere men. 

The average age of patients in cases reported elsewhere, subsequent 
to 1923, was 4G.7 years; in the majority the disease occurred in the 
fifth and sixth decades. Tlic average age of the patients who were 
reported as having lympiiosarconia was 43.G years; the majority were 
in the sixth decade. The patients observed at the clinic averaged ,52 3 
years; most of them wore in the scvcntli decade. Both patients who 
had lymphosarcoma were 92 yeai-s old. 


In contrast to incidence of malaria in 13 per cent of casc.s reported 
prior to 1923, there was an incidenee of only d.4 per cent of malari-i 
in eases reported suf.seqnently. Of the patients observed at the clinic 
one of nine, or 11 tier cent, uavc a history of malaria, and ho was one 
of the two who had lymiihosareoina. 
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Syphilis was present in 4 per cent of (he cases in the series reported 
bj fSinitli and TJuslc, in 4,4 per cent of the series re\’iewed bj* us^ and 
in 33.3 per cent of cases (nine) seen at tlie clinic. None of the patients 
who liad lyinpiiosarconia were syphilitic. 

In 2 per cent of the series of Smitli and Rusk, there was a history 
of tuberculosis, but iuhereiilosis had not existed in any of the subse- 
quent eases, eifiier in those reported in tlie literature or in those ob- 
seiTod at the clinic. 

SVliGICAL PROCEDURES 

Splenectonpy was performed in eighteen of forty-five cases reported 
in the literature in the yeare 1923 tlnuugh 1940, Four of the splen- 
eetomized patients died within the first tliii-ty horn’s after opei’atioii, 
and of the remaining fourteen patients, two died within a year from 
generalized involvement of lynipli nodes, in one case the disease being 
Ij'inpliosarcoina and in the other, giant Ij-mph follicle hyperplasia. 
Twelve of tlie ijatients were living and well at the time the cases were 
reported, the periods of survival ranging from thirty days to eight years. 

Exploratory laparotomy was perfonned in four cases but in each 
case the disease was found to be too extensive to justify surgical inter- 
vention. Splenectomy was possible in seven of the nine cases observed 
at the clinic, including both cases of lymphosarcoma. One of the 
seven patients died immediately postoperatively and the survival peri- 
ods of four others were nineteen days, three months, nineteen months, 
and four years, respectively. The patient Amth giant Ijnnph follicle 
hyperplasia had generalized inA'olvement of the Ijunph nodes five 
months after operation, but he received roentgen therapy one, four, 
and six years postoperatively and was living and well more than seven 
years after splenectomy. One of the patients Avho had lymj)hosarcoma 
survived splenectomy three months and died of nietastases to bones and 
brain Avithout involvement of lymph nodes ; the other patient was liv- 
ing and Avell, Avithout evidence of recurrence or metastasis, AA’hen la.st 
heard from in Februai’v, 1940, four years after remoA'al of the spleen. 
Exploratory laparotomy in tAvo cases revealed fibrosarcoma too exten- 
sive for splenectomy, so that only biopsj' aa-rs done. 

ST.ATISTICAn COMMEXT 

It has been repeatedly obserA’ed that the lymphoblastomas, pni’ticn- 
larly lymphosarcomas, are multiccntric in origin, frct|uently involving 
olmost simultaneously many Ijunph nodes, in various anatomic situa- 
tions- namelv, the cervical, axillary, mediastinal, and ingiuiial regions, 
as Avell as the spleen, the gastrointestinal tract, and the abdominal 

l_Amph determine Avhether isolated splenic lympiiosarcoina 

III an a <rcncraUzed Ij-mpbosarcoinatosis and tlicrcl'ore to be 

is a precuisoi gexieralized process, or Avhetber it is a similar 

regarded as a pa “ 
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condition which is confined to the spleen, the following statistics were 
obtained. 

Of the nine eases of splenic lymphosarcoma reported in the litera- 
ture, there was generalized involvement of tlie lymph nodes of the 
groin within one year in only one ca.se.-® In another case,’® the dis- 
ease was generalized when the patient first was examined, hut liecause 
of the immense size of the spleen, the condition was reported as pri- 
marily splenic. Metastasis to the spinal cord, without lymph nodal 
enlai-gements, was present in another case.’® In two instances there 
was extension to adjacent structures; Knimhhaar®® reported involve- 
ment of liver, pancreas, stomach, and bladder, whereas Gerundo and 
Miller” noted extension to the diaphragm. In a case reported by 
Cabot, JIallory hesitated to state whether the tumors were primary in 
the stomach or in the spleen, both of which were involved. One of 
Frank’s patients died twenty-four hours after splenectomy, and the 
other patient died eight months postoperatively. In the second case®,® 
the cause of death was unstated, hut the disease was not generalized. 
In another case the extent of disease was not noted postoperatively. In 
two of nine cases, or 22.2 per cent, primary lympliosarcoma, therefore, 
was a i)recursor of lymphosarcomatosis. 

In one of tlm two cases reported from tlm clinic prior to 1923,’‘''’ ®® 
lymph nodal involvement took ]ilnce within four months postoperatively. 
The other patient lived more than seven years without evidence of re- 
currence. Gne of two patients observed at the clinic, suhseqiient to 
1923, died within three months of metastasis to the hone and brain, 
without lymph nodal involvement. The other patient, as stated previ- 
ously, was living and well without any evidence of recurrence four 
years postoperatively. In only one of the four cases studied at the 
clinic, or 25 per cent, did lymphosarcomatosis develop subsequent to 
•splenectomy for what was thought to he a ]n-iniai-y splenic neoplasm. 
In the ease rc])orted herein, generalized involvement of nodes was not 
present and it is prohleinalie whether the lesions in the supraclavicular 
nodes were metastatic or gave evidence of the multicentricity of the 
di.sease. 


Review of the three closely related instances of giant lymph follicle 
hyperplasia which arc reiJorted in the medical literature di.scloscs that 
one patient®" had generalized involvement within one year after sple- 
nectomy ; another,®''’ who had nodes in the groin at the time .splencetomv 
was pertormed. died four hours after opei-ation; the third patient sur- 
vived four years and siiccumhed. finally, to recurrence in the left upper 
abdominal <iuadrant. The results in tliese cases reveal generalization 
of involvement in two of three, or (>7 ])er cent, of cases. 

The oidy patient with giant lymph follicle hyiiorphisia who was ob- 
served at the chnw, as mentioned earlier, had involvement of Ivmnh 
nodes in ti.e groin and avitn. splenectomy. 
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but M'as alive and ivell at the time this paper was written, seven rears 
postoperatively. 

CONCLUSIONS 

3. Althougli the series of cases of lymphosarcoma studied was not 
large enough to permit any final conclusions to he drawn, in the light 
of tlie figures in the preceding paragraphs, splenectomy appears justi- 
fiable for lymphosarcoma confined to the spleen. 

2. The number of cases of giant l 3 Tnph follicle hyperplasia studied 
in this series was small, also, but it appears that although the disease 
usually progresses more slowdj’^ than l 3 nnphosarcoma, the condition is 
more likel}' to become generalized. 
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THE USE OF CURAEE IN THE TREATMENT OP TETANUS 


Casi: Report 


Stuart C. Cuulen, M.D., and C. S. Quinn, JLD., Iowa City, Iowa 

(Fiom the Dinsion of Jnesthenology, Depaiiment of Surgery and the Department 
of Medtcine, State Vnivostty of Jotva College of Medicine, Iowa City) 


T he obstruetioii of breathing, the prolonged respiratory depression, 
the aceumnlation of nuieus, and the infrequent changes of position 
associated with the use of trihromethanol with ainylene hydrate (Avertin 
fluid*') for the control of the muscle spasm of tetanus predispose to 
pulmonax'y complications. With its use, there is difficulty in maintain- 
ing adequate nutrition liecause of the inability of the jjatient to eat 
and drink. Constant, close supervision by both nurse and physician is 
also essential. Although this means of controlling muscle spasm las 
proved beneficial in the treatment of persons affected with tetanus, it 
seems that control without such a marked general depression n on c le 
more desirable. In an attempt to simulate the latter .state, curare vas 
used on one patient. 

case report 


The patient, H. H., a 4 Sjearokl eaipentei, enteieil the Uni^elsity ^osp'tat 
11 1942, complaining of stiffness of the jan aiul pain and stilfness of the d. . 
He gaie the history of haiing stiuck Ins fingei iMth a liamnier, 
nhile noiking about a chicken coop fiie necks before . je^giopcd 

symptoms occiiired one ivcek befoie admission. At that J , f 
a tingling sensation in the light hand, folloned In aching of the 
Lm. Seveial days latei he noticed stiiTness of the fans f ^ "J;. 

eating. The tiismus piogie-sed rapidly mthin a fen houis, uii i shouWer 

openino- his mouth. Soieness, stiffness, and aching pain appear 
Isdes tno da.s befoie admission, and soon invohed the muscles of the h.ack 

^''°The° patient nas a noimalh dei eloped nlnte man in a good state of 

deal, but appealed P-U-ally eshans^ the ^ 

and the mucous memb.ane of the mouth n.is sligh l.i opening 

muscles had p.oduced ‘I**-; ^^..^oi.s and the loner edentulous 
his mouth "'“'J / ; dd he spoke n.th h.s hand to Ins jan in attempt to 

gum. His o mimg h.s mouth. Inspection of the musculature slum 1 

lessen the great thorax, and abdomen, and hypertonic .i 

the extremities «<th e g . 5 ^ onP pe breathed n.tl 

tempeiaturc not eleia >■ p^,.,,,,„on of a small, almos 

effioit. The .a.lex Unger, the remainder of the examination ua 

healed ^^.^osis of tetanus nas made, 

negative. A diagn 

Beceived ^ o-q 
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No sooner had Hie examination been completed than tlie patient had a paroxj'sm 
of painful muscular spasm. His body was straightened and then arched in opis- 
tliotonos. The jaw was tightly clenched, tlie abdomen rigid, and the extremities 
stiff. The thoracic and other respiratory muscles were fixed in a state of tonic 
contraction, so that rcsjiiratory movements ceased and cyanosis deepened. Relaxa- 
tion sufficient to permit diaphragmatic motion occurred spontaneously within a few 
minutes. Similar spasms recurred every few hours. 


COURSE AND TREATMENT 


The patient was given 20,000 units of tetanus antitoxin intra- 
muscularly, and 30,000 units intravenously, on the night of admission, 
followed by 50,000 units intravenously the next day. The small local 
lesion was opened, debrided, and dre.sscd with zinc peroxide paste. 
For the first forty-eight iioin\s the patient was given avertin per rectum. 
The degree of relaxation of the abdominal wall was used as a guide to 
dosage. The doses of the drug and time of administration are listed in 
Table I. In spite of marked general depression, intermittent spasms 
of the entire body still occurred, with clonic jerking of the extrem- 
ities. There was considerable respiratory depression, obstruction, and 
mucous production. The latter was somewhat controlled with atropine. 

Twentj'’-four hours after admission, the pulse rate, temperature, 
and respiratory rate began to rise, and, in another twenty-four hours, 
the pulse rate was 150, the temperature, 104° F., and the respiratory 
rate, 48. There were coarse rfilcs in the bronchial tree. It was felt that 
the patient was probably developing pneumonia. The presence of pneu- 
monic infiltration in the upper part of the right lung was later verified 
rocntgenologieally. Avertin was discontinued, and the administration 
of curare begun. Tiie di-ug used was Intocostrin (extract of unauthen- 
ticated curare®). The drug was .supplied as an extract, standardized 
by biological assay to contain the equivalent of 0.02 Gm. per cubic 
centimeter of a standard drug. It was administered cither intra- 
venously or intramuscularly. It is ineffective when given subcutane- 
ously or perorally. 

In this case there was no apparent difference in the duration of the 
effect produced by intravenous and intramuscular injection of curare. 
The onset of action was, of course, much more rapid with intravenous 
administration. 


After the dcprc.ssion from avertin had di.sappcarod, and the patient 
was con.scious, the curare effect was spectacular. At the height of a 
sjia.sm. when the patient was sufl’ering excruciating i)ain. the intravenous 
injection of curare jn-oduced marked relief in a matter of .seconds. 
One could see th(‘ jaw relax, the opisthotonos disappear, and the respira- 
tions become easier. I( was gratifying to see the patient in a reactive 
state, able to cottgh, ex)K'ctorale. drink, and move about in bed. 

The .lay after the discontinuance of avertin ndmini.stration, the 
tempetatme fell .and the respiration.s beeajiio slower, Xo sDccific or 
ci^aot iierapj wa.s useil for the pneumonia. 


"f E. n. .‘-•qua,), * soti-<. 
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SURGERY 


As witli a-\’ertin, tlie frequency of administration of curare was de- 
lermined by tlie tone of the rectus abdominis. The doses used are 
shown in Table I. Tliere seemed to ))e mucii variation in the length of 


T.vbu: I 
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the intervals between attacks, as well as in their duration and severity. 
It was found, however, that usuallj’ 0.050 Gm. of curare would keep 
the patient comfortable and free from acute spasm for about three hours. 
The amount of drug administered ivas detennined by the response of the 
patient. Roughly speaking, 0.008 to 0.010 6m. per kilogram was 
satisfactory. 

On the seventh day, the last of the supply of curare was used. 
Treatment was continued with beta-er>-throidine, a drug similar to curare 
in its action. Three hundred milligrams of a ten per cent solution 
produced approximately the same effect as 0.050 Gm. of curare. With 
the injection of beta-erythvoidiuo, the patient experienced a slight 
feeling of faintness. On two occasions, there was momentary fall in 
systolic blood pressure of about 30 mm. No fall in blood pressure ivas 
observed when curare was used. 

Beta-ei-ythroidine was not needed after the ninth day. By this 
time, the .spasms were no longer severe enough to endanger the 
patient’s life or even discomfit him. He was then given 4.5 gr. (0.240 
Gm.) of phenobarbital daily, in divided doses. 

Until late in tiio course of the disease, sedatives were used only 
occasionally to control I'estlcssness and irritability. There was no 
objection to moderate use of morphine or liarbiturates, but in this case 
they were seldom needed l)ecausc the patient often lapsed into sleep 
after receiving curare. 

Nutrition and hydration were maintained by giving fluids intra- 
venously and a liquid diet. Difficulty in .swallowing was never a prom- 
inent sjTuptom in this case diming the early stages of treatment, l)ut 
the po.ssihility of regurgitation and aspiration during a sudden .severe 
spa.sm, as well as tlie gi'cat fluid loss with .sweating, made us prefer 
the intravenous route. 

The generalized hypcrtonicity was slow in leaving, and was still 
liresent to some extent when the patient was discharged on tlie eight- 
eenth day. 

niscrs.stoX 


The treatment o[ tetanus with curare is not a new idea. Curare 
was first usel in tlie treatment of tetanus in 1894, by Iloche.' Since 
that time, a small number of eases in which tetanus was treated with 
eurare have licen reiiovtcd.-"'’’ 

laiek of a good, standardized prejiaration of eurare has hindered 
the ilevelopment of this treatment. Host of the preparations which have 
heeii used were obtained from inde)iendent pharmaeologi.sts who were 
iiiteri-sted ill the drug, and henee have varied in potency and jmritv 
Tiie site of action of curare is peripheral, rather than cenlnil. 
It IS said to act hy interruiiting the synaptic transmission of nerve 
impulses at the myoneural junction hy deprc.s.sing |1„. nicotinic action 
of aceijlcholinc. thus i>roducing paralysis without central de[)ression 
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SURGERY 


It 2 S selective in its action, and affects the muscles of the body in 
tie ollowing order: (1) muscles innervated by cranial nerves, (2) 
muscles of the trunk and extremities, and (3) muscles of respiration 
(the diaphragm is the last to be paralyzed). It is this sequence of 
action ndiich nmkes possible flic release of the conmilsive patient from 
the asphyxiating tonic fixation of the chest, without complete paral.rsis 
of the respiratory muscles. 

The side actions of curare, namely the reported tendency to produce 
bronchial spasm and hypersecretion,- were not troublesome. When 
questioned after the injection of the drug, the patient expressed relief, 
and stated that othemvise his onlj' sensation was one of great weakness. 

Provisions ' were made for the relief of undue respiratory depres- 
sion after the injection of curai-e or beta-eiythroidine, although none 
occurred in this patient. An anesthetic face mask, rebreathing bag, and 
oxygen supply were immediately available for artificial respiration. 
Although it has been reeomniended® that a mechanical respirator of 
the Drinlrer type be on hand, the respiratory paresis after the adminis- 
tration of curare is so sudden in onset and short lived that, by the 
time the patient could be placed in the respirator, the respiratory 
paresis would be spontaneously relieved. Pliysostigmine and prostig- 
niine, because of their ability to depress cholinesterase, are suitable for 
use in combatting undue respiratory depression from curare. 

Since beta-erythroidine was used in the terminal stage of the 
disease, little can be said about the relative effectiveness of this drug 
and curare. The circulatory depressant effect of beta-crythroidinc, 
which was evident iji this case, is undesirable. 


SUMM.VRY 


The use of curare for the control of muscle spasm in a ease of tetanus 
is reported. It is felt that curare possesses certain advantages, and this 
case is presented in the hope that it will stimulate further clinical 
investigation into the value of this therapeutic agent. 


Since tiie submission of tiiis paper for publication, cur.aro lias been used in Um 
treatment of three additional cases of tetanu.s. All tiirce terminated fatail.v. riie ex- 
nerionoe ftainetl in these later cases leads us to believe tliat curare will eftectnyiy oy”' 
trni the muscle spasm. The experience emphasizes, hotvever, the necessity or 
ni, individual or individuals experienced in tile actions of curare and tlio course of tlit 
disease who can devote his or tlieir entire time to tiie patient in the early "1 

tilo disease. The variations in tiie manifestations of the disease and tlio , ''‘'Ration. 
sntho resnonse to tiie curare make mandatory this con.stant .supervision b.v ti.ilae" 
hlrsonnel Witii this supervision, curare slioultl be effective In the trcatnient and 
possess the advantages of a patient awake, able to move, void. <lefccato. and re.spln. 

freely. 
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THE USE OF CURAEE FOE THE IlMPEOVEilENT OF 
ABDOJUINxVL lilUSCLE EELAXATION DUEING 
INHALATION ANESTHESIA 

Eeport ox Oxe Huxdued axd Thihty-Oxe Cases 


Stuart C. Culeex, JI.D., Ionva City, Iowa 

(From the Division of Anesthesioloyy, Department of fSitri/ery, State University of 
Iowa Colleye of Medicine, Iowa City) 

S UEGICAL manipulations within the ai)domen are always facilitated 
by a state of ooinpleto muscular relaxation associated with quiet 
breathing and contracted intestine. If this state can be achieved with- 
out increased hazard to the patient during anesthesia or without pre- 
disposing toward undesirable postane-stlietic sequelae, the added con- 
venience to the surgeon expedites his work and directly contributes to 
a smoother, more complete, and more rapid convalc-seence of the patient. 
In an effort to simulate this ideal condition, curare was administered 
during inhalation anesthesia. 

The popular concept of the i)rincipal usefulness of curare as a means 
of paralyzing the game of foraging South American Indians or as a 
demonstrating drug in the pharmacology laboratory is gradually being 
displaced by a succession of intere.sting and valuable clinical applica- 
tions. Since ISoT, it has been used practically in the treatment of con- 
vulsive states such as tetany, strychnine ])oisoning, and ciiorca.’ Bur- 
man- has advocated its use in the treatment of siiastic disorders. 
BennotF has found it useful in controlling the frequency of fractures 
accompanying the convulsions of metrazol shock therapy. Through 
the publications and exhibits of the latter men. I was tem])ted in 1940, 
to use curare as a means of improving the relaxation of abdominal 
musculature during inhalation anesthesia. .\t that time, a few do>m 
were given mirare. In do.ses giving al)dominal imiscle relaxation, thev 
salivated tu’olusely, had extreme res)>iratory dei)re,ssion and asi)hyxial 
convulsive movements. These effects <leterred the clinical a])]>iieation 
of curare for this purpose, intere.st wa.s. however, restimnlated on the 
ai>pearance. of the re])ort of (triffith ami .lohn.soid of its use in twentv- 
live patients aiie.stlielizcd with eyclo|>roi)ane. An am]>le sui)ply of 
lutocostrui® textraet of unauthenlieated curare) was obtained ami 
adminislensl to l.tl imtient.s. Tin- drug was supiilied as an extract 
standardized by biological assay to <-ontain the ciiuivalent of 0.02 Gm 
])er cubic, centimeter of a standard drug. 

A so,.. 



260 


SURGERY 


It IS selective in its action, and affects llie muscles of the body in 
the following order; (1) ninseles innervated liy cranial nerves, (2) 
imiscles of the trunk and extremities, and (3) muscles of respiration 
(tie diaphragm is the last to he paralyzed). It is this sequence of 
action which makes possible the release of the convulsive patient from 
the asphyxiating tonic fixation of the chest, without complete paral.vsis 
of the respiratory muscles. 

The side actions of curare, namely the reported tendenej' to produce 
bronchial spasm and hypersecretion,^ ivere not troublesome. When 
questioned after the injection of the drug, the patient expressed relief, 
and stated that otherwise his only sensation was one of great weakness. 

Provisions ■ were made for the relief of undue respiratory depres- 
sion after the injection of curare or beta-erythroidine, although none 
occurred in this patient. An anesthetic face mask, rebreathing bag, and 
oxygen supply were immediately ai’ailable for artificial respiration. 
Although it has been recommended® that a mechanical respirator of 
the Drinlier type be on hand, the respiratory paresis after the adminis- 
tration of curare is so sudden in onset and short lived that, bj’^ the 
time the patient could lie placed in the respirator, the respiratory 
paresis would be spontaneously relieved. Physostigminc and prostig- 
mine, because of their ability to depress cholinesterase, are suitable for 
use in combatting undue respiratory' depression from curare. 

Since beta-eiythi’oidine was used in the terminal stage of the 
disease, little can be said about the relative effectiveness of this clnig 
and curare. The circulatory' depressant effect of beta-erythroidine, 
which was evident in this ease, is undesirable. 


SUMMARY 


The use of curare for the control of muscle spasm in a case of tetanus 
is reported. It is felt that curare possesses certain advantages, and this 
case is presented in the hope that it will stimulate furtlier clinical 
investigation into the value of this therapeutic agent. 


Since the submission of this paper for publication, curare has been usee! in the 
treatment of three additional cases of tetanus. All three terminated fnt.'illy. Tlio ex- 
perience gained in these Intel cases leads us to believe that curare nlll effectively con- 
troi the muscle spasm. The experience empliasizes. liowever, tlie necessity of 
an individual or individuals experienced in the actions of curare and the course of tne 
disease xvho can dei-ote his or tlieir entire time to tile patient In tlic carl}’ staya-li y> 
* 1,0 disease The variations in the manifostatioiis of the disease and the vaiiatlon.s 
lo the response to the curare make mandatory thi.s constant .supervision by traineil 
Aossnnnpl Witli this super\’ision, curare should be effective in tlie treatment aiul 
poSess the advantages of a patient aw.ake, able to move, void, defecate, and ro.splrc 
freely. 
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Except for two infants who received 0.004 &m. and 0.006 6m., 
respectively, the smallest initial dose Avas 0.04 Gm. and the largest 
initial dose 0.1 Gra. After more experience in estimating the initial 
amount required, the usual first dose for patients between 20 and 
70 years old was 0.060 Gm. If this proved insufBeient, 0.040 6m. was 
added. If more drug was still indicated. 0.020 Gm. was added at 
three- to five-minute intervals until the optimal state was reached. 
Except in very resi.stant cases, 0.040 to 0.060 Gm. at the time of 
peritoneal closure ivas sufficient. The largest total dose (0.240 Gm.) 
was given over a three-hour period to a 39-year-old man who had a 
resection of a portion of the ileum and colon. The average total dose, 
e.xeluding the two infants, was 0.092.5 Gm. 


KFFECT.S 

It was found from experience that the amount of drug necessary to 
produce the ideal abdominal state of muscular relaxation and quiet 
gut often appreeialjly depressed the respiration. This respiratory 
depre.ssion progressed to complete paresis in five patients for periods 
varying from trvo to five minutes. In the others, the depression was 
manifested by loss of intercostal muscle function and jerky diaphrag- 
matic movements. These more severe degrees of depression persisted 
for only five to twenty minutes and relatively normal ventilation 
reai>peared long before tlic abdominal muscle tonus returned. Artifi- 
cial respiration with intermittent inflation of the lungs liy manual 
compression of the rebreathing bag was all that was necessary in those 
patients having complete respiratory arrest. In the others in whom 
ventilation was incompetent, the inspiratory pliase was accentuated by 
manual compression of the rebreathing bag. These experiences empha- 
size the nccc.ssity for an immediately available and efficient means of 
ventilating the alveoli witli oxygen when cnrai-e is being u.sed. Daring 
inhalation anesthesia by the carbon-dioxide absorption technicpie, it is a 
simple matter and causes little inconvenience and minimal hazard. 

Undcsiralile circulatory effects resulting from the administration 
of curare were infretiuent and limited to those cases in which large 
amounts were given in a short ]>eriod of time. In those ca.ses, the 
systolic blood jircssure dropiied 30 to 40 mm. and the pulse ])re.ssure 
diminished. The inilse was unafTected and recovery was prompt. In 
other casc.s, blood jjressure and i>nlse resjionscs were not aj)prcciably 
different from the changes as.sociated with cyclopropane atiesthcsia. 
There was some evidence that with unrelieved resi»iratory depression 
an accumulation of carbon dioxide caused an elevation in blood ))res- 
sure. Fi-om the clinical exjierienee gaineil in these ca.ses, it would 
seem that curare exerl.s no direct effect on the perijihend cireiila- 
tion or the heart unless excessive doses are administered. 

h'O studies were made of the eflVet of curare on the liver nr 
hidneys. \'o thrombosis or phlebitis was noted in the veins used for 
iajeclion, oven when relatively frequent injections were made. 
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SURGERV 


PflARjrACOLOGIC PROPERTIES 

As early as 1865, Claude Bernard= described the action of tiie drag 
on the neuromuscular junction and confirmed the observations of 
\ atterton and Brodie, in 1814, that asphyxia from respiratory paralysis 
^\as the cause of death. Biwvn and Peldberg® demonstrated that the 
drug intei’foros witli the transmission of impulses across sympathetic 
ganglia. It is selective in its action, and affects the muscles of the 
body ill the following order; (1) muscles innervated by cranial nerves, 
(2) muscles of the trunk ancl exti'cmities, and (3) muscles of respiration 
(the diaphragm is the last to be paraij'zed). Respiratory depression of 
central origin has been reported.' Smooth muscle is not affected. In 
the pure form, no significant direct effect on heart or peripheral eii'- 
culation is noted. No analgesic or anesthetic action has been demon- 
strated. Its effect, ivhen given intravenously, is obtained in one minute. 
When given intramuscularly, its maximum effect is obtained in ten to 
fifteen minutes. It is not effective when administered subcutaneously or 
perorally. It is said to be completely eliminated in about two hours by 
destiTiction in the liver and excretion through tlie kidney. The action 
of the drug is said to persist for but twenty to thirt.v minutes, but, 
as will be pointed out later, the muscular relaxation produced hy 
curare during inhalation anesthesia lasts much longer. There is little 
cumulative action and the drug can be repeated relatively frequently. 
Overdose causes respiratory paralysis, and treatment for it is artificial 
respiration witli oxygen. Physostigmine and prostigmine are of vnlnc 
in specific antidotal therapy because thej’’ inliibit eboline esterase. 

METHOD 

The anesthetic procedure during wliich curare was emploj'ed was 
pei'fonned as usual. The patients were premedicafed witli moi'phine 
and scopolamine according to their requirements and the requirements 
of the agent to be employed. Tiiey ivere anestlietized by means of the 
carbon dioxide absorption technique to the first or second plane level 
of third stage anesthesia and maintained there. The curare was intro- 
duced intravenouslj’^ about the time the skin incision was made so lhal 
by the time the peritoneniu was opened, the full effect of the dose had 
been obtained. AVith the introduction of the curare, the flow of anc.s- 
tlietic agent was discontinued for a few minutes until the degree of 
respiratoiy depression was determined. The optimum effect desired 
was complete muscular relaxation and quiet intestine. It this was 
not achieved, intravenous in, 7 eetioiis were i-epeated at thi’ce- to flve- 
ininute intervals until the desired effect was manifest. Relaxation 
then usually persisted for 00 to 120 minutes, or until closure of the 
peritoneum. After rela.xation was eslablislicd, it was unncee.ssary to 
repeat the cui-are during the eoiiisc of long operations. It was. !i«w- 
ever frequently necessary to inject more curare for closure of tiic 
abdomen if the operative procedure lasted longer than forty-five nnmites. 
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Except for two infants who received 0.004 Gm, and 0.006 6m., 
respectively, the smallest initial dose was 0.04 6m. and the largest 
initial dose 0.1 6m. After more experience in estimating the initial 
amount required, the usual fii’st dose for patients between 20 and 
70 years old was 0.060 6m. If this proved insufOcient, 0.040 6m. was 
added. If more drug was still indicated, 0.020 6m. was added at 
three- to five-minute intervals until the optimal state was reached. 
Except in veiy resistant eases, 0.040 to 0.060 6m. at the time of 
peritoneal closure was sufficient. The largest total dose (0.240 6m.) 
was given over a three-hour period to a 39-year-old man who had a 
resection of a portion of the ileum and colon. The average total dose, 
excluding the two infants, was 0.0925 6m. 


EFFECTS 


It was found from experience that the amount of drug necessary to 
produce the ideal abdominal state of muscular relaxation and quiet 
gut often appreciably depressed the respiration. This respiratory 
depr&ssion progressed to complete paresis in five patients for periods 
varjdng from two to five minutes. In the others, the depression was 
manifested by loss of intercostal muscle function and jerky diaphrag- 
matic movements. These more severe degrees of depression pei'sisted 
for only five to twenty minutes and relatively normal ventilation 
reappeared long before the abdominal muscle tonus returned. Ai’tifi- 
cial respiration with intermittent inflation of the lungs by manual 
compression of the rebreathing bag was all that was necessary in those 
patients having complete respiratory arrest. In the others in whom 
ventilation was incompetent, the inspiratory phase was accentuated by 
manual compression of the rebreathing bag. These experiences empha- 
size the necessity for an immediately available and efficient means of 
ventilating the alveoli with oxygen when curare is being used. During 
inhalation anesthesia by the carbon-dioxide absoiqition technique, it is a 
simple matter and causes little inconvenience and minimal hazard. 

Unde.siralfie circulatory effects resulting from the administration 
of curare were infrequent and limited to those cases in which large 
amounts were given in a short period of time. In these cases, the 
systolic blood pressure dropped 30 to 40 mm. and the pulse pressure 
diminished. The pulse was unaffected and recovery was prompt. In 
other eases, lilood prc.s.surc and pulse responses were not appreciably 
different from the changes a.ssoeiated with cyclopro]iane anesthesia. 
There was some evidence that with unrelieved respiratory depression 
an accumulation of carbon dioxide caused an elevation in blood pres- 
sui'o. Prom tl>c clinical expei’iencc gained in these eases, it would 
.seem that curare exerts no direct effect on the peripheral circula- 
tion or the heart unless cxce.ssivc doses are administered. 


No studios were made of the efl’ect of curare on the liver or 
kidneys. No tliromho.sis or ]>hlcbitis was noted in tlie veins used for 
injection, even wlien relatively frequent injections were made. 
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SURGl®y 


The postoperative course of these patients ivas unaltered. A lower 
nicidence of pulmonary pathologj^ was expected because of the oppor- 
tunity to use a nonirritating gaseous agent wdiicli is quickij- eliminated 
postanesthetically. An evaluation of tins factor wall he deferred anti! 
inoie patients have been studied. The nursing staff shared the enthusi- 
asm of the surgeons for the use of the cyclopropane-curare combination 
because the patients awoke prompti}" and required minimal immediate 
postanesthetic care. 

One death occurred in a 60-year-old man brought to the operating 
room in a moribund state with a wound dehiscence. He was anestlietized 
to the first plane of the tliird stage with cyclopropane and given 0.060 
Om. of cui'are intravenoush’’ for the e.vtreme relaxation I'equired to 
effect tJie secondary closure. He died of sudden circulatory failure ten 
minutes after the injection of the curare. A fulminating jreritonitis 
was found at autopsy. 

An interesting ease in the series was that of a 44-yeai'-old woman who 
was difficult to examine bimanually beeanse of marked voluntary ab- 
dominal muscle spasm. Without premedieation of any type, she was 
given 0.060 Gni. of curare intravenousl.v in an attempt to produce 
muscular relaxation of the abdomen. With this dose, she had some 
ptosis and masseter muscle relaxation, but no significant decrease in 
recti muscle tone. After five minutes, she was given 0.040 Gin, of 
cirrare intravenously. Sire then promptly presented the same clinical 
picture as the dogs mentioned early in this article. There was com- 
plete respiratory paralysis, marked salivation, and muscular twiteliing. 
She was given artificial respiration with o.xygen by face mask and 
manual compression of the rebreathing hag of a gas machine. Her 
blood pressure taken at this time w'as elevated 20 to 30 mm. over her 
original pressure, but the pulse urns essentinll.v unchanged. However, 
there was still insufficient abdominal muscle relaxation to permit satis- 


factory examination. At this point, and although effective voluutarj 
respiration had not returned, she was given morphine sulfate, gr. % 
(0.010 Gm.), and scopolamine, gr, ^r.o (0.00045 Gm.), intravenously 
Yoluntaiy and efficient res]}iration was almost immediately resumed b.r 
the patient. Relaxation of the recti was somewhat improved and the 
results of the bimanual examination led the surgeon to feel that a 
vaginal hysterectomy wa.s indicated. The patient was then ane.slhetized 
with eyelopropano and the operation and ancstlictic procedure carried 
out without furtlier untoward incident. With only first jilane aiio.s- 
tbesia, abdominal muscle relaxation urns excellent. 

This case was interesting beeaase it .seemed to indicate that one 
nf the nremedicating drugs, iirohaJdy .scopolamine, Is nocc.s,sary for the 
n,^„lobV^ted use of the curare. It hclp.s to explain why the dogs. 

1 ^,-ore unpremedieated. behaved in such a discouraging fa.slnon. 
wmeu ^ UMlioates that complete abdominal mu.scular relaxation 

« S". \vi.h .ta. i„ »r,. 
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in addition to providing the necessary analgesia, the inhalation agent 
contriimtes a significant shai'e in the production and maintenance of 
that I'elaxation. 

OPERATm?: PROCEDURES AND ANESTHETIC AGENTS AND TECHNIQUES 

In Table I are listed the operative procedures performed on the 
patients included in this report. It will be noted that all are pro- 
cedures requiring excellent relaxation and quiet intestine, a state 
which cannot usually he obtained Arith gaseous agents alone. The 
two infants, on Avhom the Rammstcdt procedure aa’ss done, Avere 
anesthetized by procaine infiltration of the line of incision, but because 
of the crying and straining, it AV'as extremely difficult to restore the in- 
testine to the peritoneal cavity. Small doses of cru-are intravenously 
permitted nontraumatic and easy restoration of the boAA'el to the ab- 
dominal cavity. Tavo patients had nitrous oxide anesthesia. One Avas 
a man, 72 years of age, avIio had a gastric resection, and the other a 
AA’oman 62 yeai-s of age, Avho had an exploratory laparotomy. Curare 
successfully provided the relaxation Avhieh could not be achieved Avith 
tlie impotent nitrous oxide. Curai-e AA-as also used to provide i-elaxa- 
tion for the closing of an abdomen on one patient in Avhom the motor 
effect of the spinal anesthesia Avas Avearing off. 

Table I 


OPERATIONS 

NO. 

CholecA stcctomv 

19 

Mikuhc? ic«ection of the sigmoid 

5 

CUoledocliostoniv 

4 

Gastric resection 

13 

.Abdominoperineal resection of the rectum 

0 

CliolccA stgastrostonn 

1 

III stercctoniy 

29 

Colostoiin 

4 

Closure perforated peptic ulcer 

2 

Exploratory laparotomi 

14 

Total gastrectomy 

1 

Appendectomy 

3 

Ro<50t*tioTi of colon 

2 

Urcteronephreetonn 

1 

Inci**ionjU hermorrhnplu 

9 

E\ci‘5ion internal ihac nncur%bm 

1 

Socon<lun closure abdomen 

1 

Ureterosirjmoidostom's 

1 

Closure of enteroiagmal ti'-tula 

1 

Ro'-cction of ileum 

3 

Inpmnnl benuorrhnplu 

1 

Oustroonterostomi 

o 

Knmmstedt operation 

o 

Oopliorcitonix 

o 

Abdominnl stcnh/ution 


uterine ■m'-penMon 

1 

Uebcf of acute intestinal obstruction 


Ureterolithotonn 


Dilatation and curettage, examination under anc'-fliesia 

1 


Four paticnt.s Averc iiiven curare m conjunction AA'ith ether anes- 
iliesin. Two of the.se patients had no significant respiratory deprcs- 
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Sion, but the otlier two had pronounced and prolonged respiratory de- 
pression from moderate amounts of curare. As a consequence of this 
experience, curare is not used in patients to whom ether is administered. 
Tiiis interesting- effect is now being investigated. The remaining 122 
patients were given cyclopropane. This combination appeared par- 
ticularly effective. The scope of usefulness of cyclopropane was ex- 
tended becau-se it could lie used for anestliesia for surgical proeedure.s' 
requiring extreme relaxation. Tlie hazard of cardiac arrhythmia was 
i-educed because it was no longer necessary to use high concentrations in 
an effort to .secure relaxation. 


SUJIMARY 

In an effort to secure improved abdominal muscle relaxation and 
quiet intestine with inhalation anesthesia, particularly by cyclopropane, 
curare was used in 131 patients. A brief review of the histoi-y and 
pharmacologic actions of the drug, as well as a report of its use on 
these patients, was included. Experiences of Griffitli and Johnsoid 
are confirmed liy this report, and warrant its continued e.xpcrimeiital 
use. These reports also indicate the need for extended investigation 
into the effect of curare in combination rvith other agents. 

Since tlie submission ot tliis article for publication, curare lias been iiseil 
additional cases. The results continue to be quite satisfactory. ^yltIl tins mnico 
experience, it has been possible to estimate better tlio required dose and obtain m 
desii-ed state witliout marked respiratory depression. 
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PRELIMINARY OBSERVATIONS CONCERNING 
PARAVERTEBRAL INJECTION OP THE 
SYMPATHETIC SYSTEM IN 
HYPERTENSION 

Henry G. Schw \rtz, SI D., and Thomas Findlky", SI.D., St. Louis, Slo. 

(From the Departments of Surgery and Medicine, Washington University School of 

Medicine) 

I T CAN no longer be doubted that s 3 ^mpathectoiny nith section of the 
splanchnic nerves is an effective adjunct in the treatment of some 
cases of lij'pertension, but there is no agreement concerning the tjiie 
of operation which should be emploj'ed. The technique advocated hj^ 
Peet' consists of bilateral supradiaphragmatic resection of the tenth, 
eleventh, and twelfth thoracic ganglia and the intervening chain, to- 
gether with the splanchnic nerv'es; in a series of 290 patients, it pro- 
duced a significant reduction in blood pressure in 51.4 per cent and 
satisfactorj' sj’mptomatic improvement in 96.6 per cent.- The operation 
popularized bj' Adson and co-workers® consists of subdiaphragmatie re- 
moval of the splanchnic nerve and the first and second lumbar sj’m- 
pathetic ganglia; in a series of 224 patients, it resulted in a significant 
blood pi’essure reduction in 31 per cent and produced satisfactoiy 
symptomatic improvement in more than 80 per cent.^ Smithwick® has 
advocated a combination of these two procedures. Whatever procedure 
is employed, the effect on blood pi’cssure is often disappointing. How- 
ever, all authors have noted frequent subsidence of papilledema and 
have stressed the fact that neither the degree of symptomatic improve- 
ment nor the amount of retinal healing is proportional to the drop in 
blood pressure. 

In a much more limited experience we too have been impressed by 
the lack of correlation between the severity of sj’mptoms and the height 
of the blood pressure. It is obvious that the surgical treatment of 
liypertension vould be on a firmer basis if there were a more reliable 
method for identifying preoperatively those patients in whom good re- 
sults will be obtained. The criteria suggested to date have not been 
particularly successful. This report concerns throe patients upon whom 
bilateral paravei tcbral alcoholic blocks were performed for this purpose. 
We beheie that the effects of novocain injection alone would be too 
transitory to alien adequate evaluation of anj' respon.se. 

The teelmiquc followed was similar to that described by White" for 
injectio n of the upper thoracic trunk in the treatment of angina pectoris 
U*coU«(l for publicnlion. No% 11 , 1912 
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but modified to effect roupildy tliose areas denervated by tlie combined 
Peet and Adsoii operations; i.e., the tenth, eleventh, and twelfth 
thoracic^ segments, first lumbar segment and the splanchnic nerves. 
After light morphine-scopolamine analgesia was produced, spinal 
needles were inserted at the appropriate levels, fii’st on the right side 
about three fingerbreadths lateral to the midline; they were passed just 
below the lower borders of the transA’erse processes or articulating por- 
tions of the ribs and then directed medially at an angle of 20 to 30 de- 
grees to a depth of 3 to 3I/2 cm, beyond the level of the rib articulations. 
At tbis depth, the needle point comes to rest against the anterolateral 
surface of the vertebral bodies Avhei’e the ganglionated chain lies. In 
the case of the splanchnic nerves themselves, their point of entry be- 
tween the medial and intermediate crura of the diaphragm lies very 
close to the vertebral body. Customary' precautions were taken to make 
sure that the needle tips did not lie within the pleural space, blood 
ves.sels, or inteiwertebral foramina. Injection of 2 c.c, of 1 per cent 
solution of procaine hydrochloride at each level was followed by the 
slow instillation of 3 to 4 c.c. of 80 per cent alcohol. Both sides were 
injected at a single sitting. In the two male eases, the second lumbar 
segment was also injected on the right side and probably should be in- 
cluded bilaterally. Completeness of injection was then determined by 
means of a sweat test, using cobalt chloride as an indicator. 


CASE REPORTS 


Case 1. — G. H., a 29-year-olcl white man, had suffered for more than ten years 
from attacks of headache, vertigo, nausea, and transient amaurosis. For six Months 
prior to injection these attacks liad occurred from two to four times a week witfi 
such violence that he was unable to perform his duties as a truck driver. During 
several weeks of iiospital observation and bed re.st iiis arterial pressure varied from 
150/110 to 210/130, and he had an almost constant headache. Despite the clironic 
history, lus retinal vessels weie virtually normal, the heart was only .slightly en- 
larged, and kidney function was intact. The urine was clear and intravcuou.s 
urograms were negative. He refused operation but readily consented to injection. 

Paravertebral alcoholic block was done on July 17, 1!)10. Before and during the 
procedure, his blood pressure ranged from 170/120 to 230/100. Five hours later 
it was 130/.00; at twenty-four hours it was l-}0/S)5; at forty-eight hour.s 150/100. 
He walked out of the hospital on the third day with a reading of lOO/llO, 
complaining only of slight soreness in the back and stating that his head was un- 
usually clear and comfortable. 


Withm a week the blood pressure had returned to its former level, the readings 
suallv being in the neighborliood of 170/110. He resumed his work within a 
[lontli however, and from July, 1040, until Kovemher, 1041, he experienced only 
Jtree or four abortive attacks, each lasting lexs than five jiiinutc.a and extremely 
■11 For a few weeks after injeetion, he had a moderately nneomforlabic neuritis 
■ 2 (,ft jhle of the trunk but he repeatedly expressed hi.s delight over the re- 

^ ' . Kfr^atment.” Wo had e-vjieeted flic .‘■ympfoms to recur in nlxnit .six 

iults 0 ic operation at that time but be remained in good health 

months am months. The patient himself noted fh.it during this ]ierlo'l 

tor nearly ‘ jPpre wa.s no visible sueating of his abdomen at 
of freedom iiom sjmptom. 


II n'’ 
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time. During the latter part of the summer of 19fl he noted return of sweating, 
and symptoms recurred shortly thereafter. 

In November, 1911, he had three severe attacks in quick succession and volun- 
tarilv requested another injection. At this time lus physical examination had not 
changed perceptibly but the blood piessure was about 175/135. A sweat test re- 
vealed no areas of anhydiosis. On Nov. 22, 1911, he nas leinjeeted as before ex- 
cept that this time the second lumbai segment was included on the right side. 
Again, there was a moderate but temporal y drop in piessnre for about twenty -four 
hours. Completeness of injection nas pioved by another sweat test (Fig. 1). He 
nas back at nork nitliin a neek with a pressure of 195/125 but stated that he felt 
very nell. 

On July 28, 1912, he reported that he had had only tno mild attacks since his 
second injection. All visual difficultie.s had disappeared. He regarded himself as 
being at least “80 per cent improved.’’ On the basis of these tno experiences he 
was advised to submit to surgery. 




I Ik I — .tieiis of anliMlrosls foIIonlnR p iiawitcbral alcoholic block in fni 

Cl. H .and (b) p.aUcnl J. F. ' ’ I’-’^'env 


C.xsi 2.— 1>. 11., a 24>carohl white girl, for three xcars had experienced parox- 
isms of licactache, palpitation, d.wpnea, and flushing of the face four to six times 
moiithlj. Hctueeii attacks she felt perfeetlj well hut had a peisistcnt hxpertension. 
the Wood pressure fliicliintiiig hctween 145/110 and 210/K10. Her p’hisical and 
luhoratorv exaiiunatums were negative except for questionable ciirdiae bvmertropbv 
and niitiima! letiiial sclerosis. During one such attiuk, her blood viressure was 
recorded as lS0/l,in. she dnl not bate jiaroxysinn) tachv cardia. 
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Paravertebral alcoliolic block was clone on July 18, 1940, without pam or difficult). 

len she left the hospital foity eight hours latei, her blood pressure was 130/80 
1 o neuritis developed, hen next seen about six months later the aitenal pressure 
had readied its preinjection level but she was symptomatically greatly iniproTcd, 
The paroxysms were fai less frequent and severe, and she considered herself 
virtually vvoll. No sweat tost was done. 

On Aug. 14, 1942, she reported that she had gone six moie months without aii) 
symptoms whatever. Moie recently, the attacks had recuired in a very mild form 
and never oftener than once a month. Her physician stated that her blood pres 
sure averaged about lGO/115. She also was advised to submit to operation 

Case 3. — J. P., a 44jeai old white physician, for three months had noted in 
creasingly severe headaches, dimness of vision, exertional dyspnea, and precordial 
pain. Ophthalmoscopic examination levealed marked narrowing and tortuosity of 
the retinal artenes, arteriovenous compression of a high degree, a few scattered 
hemorrhages, and beginning papilledema but no exudates. The heart was moderately 
enlarged but tlieie was no congestive failure. The urine contained small amounts 
of protein and a few casts. Urea clearance test was 50 pei cent of normal; intra- 
venous urograms, negative; spinal fluid pressure was 240 mm. water; initial arterial 
blood pressure, 215/140. No important drop occurred after three weeks of bed 
rest and thiocyanate adnnmstiation, and the symptoms continued unabated. Visual 
acuity was so diminished that lie was unable to read the newspapei or to sign his 
name. 

On Oct. 4, 1941, the following segments were injected with procaine liydro 
chloiide and alcohol: on the light side, the ninth, tenth, eleventh, ami twelfth 
thoracic, and the fiist lumbai segments; on the left tlio tlist lumbar ganglion 
was omitted. Foi the next twenty' foui lioiiis his blood pressure varied between 
155/00 and 170/90. He walked out of the hospital on Oct 10, 1941, stating that 
he felt "like a ditferent person " The headaches and v'oniitmg had pioiiipfJy sub 
sided; he felt clearei mentally and was able to read without difficulty. Scicrul 
obseiveis thought the edges ot the optic discs were more distinct. His blood pros 
sine was 200/110 The aiea of anliydiosis is shown in Tig. 1. 

In tills instance, oven the sy mptomatK iniprovomcnt was shortlived. IVitliiii a 
month the cerebial complaints letuined with such violence that be sought treatment 
elsewhere Subdiaphiagiiintic splaiichnicectoniy was peifoiined in Noveniher, I94b 
with again temjioiary relief fiom headache Blood pressure was essentially un 
alteicd and he died on Jan. 25. 1942. 


cojrjrENTS 


We fhoronglil.v agree vvitli those who prefer operation to injcelion on 
the gioniicls ot safety' and eertainfy'. If there were reliable iiieaiis ior 
preclieting postoperative resnlfs, injection methods could have no de 
feiise Ilowev'ci, jiatieiits wlio are asked to undergo operation sliould 
,®"ggie(.ted witli all possible rare. In cases vvliere doubt exists eoncern- 
■ <r wrobable benefit Irani surgery', preliminary' jiarnvertebral alcohol 
^ ■ * n-iv he of considerable prognostic value. Completeness of 

injection ^ yeadilv domonstiafcd by sweat tests It lomains to be 
injection can eonsistout parallelism lietweeii tlie reenrrenee of 

.or..,.,,-.,... 


s\ 
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CONCLUSION 

In three patients with hypertension, paravertebral alcoholic block has 
produced striking temporary symptomatic relief. It is suggested that 
the procedure be adopted as a method of preoperative selection of pa- 
tients. 
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TRAmiATIC RUPTURE OF THE HUODENmi 

With a Case Report 

Jacob Sarxoff, and Benjajiin II. Oremland, M.D. 
Brookeyx, N. Y. 

/\ I\rOAG the many types of casualties in civil life and in the Armed 
Poi’ce.s, ciTisliinsr injuries of the ahdoniiiial viscera will demand 
oui increasing: attention, as tlie inonientinn and force of our war pro- 
duction and its execution are stepped up. This applies to those em- 
ployed in the various industries, to those engasted in combat, and to 
civilians under air attack. 

Solid organs, as well as hollow viscera, may he npitured by the 
impact of external force. The liver, spleen, kidney, and pancreas may 
he ruptured by tlie direct crushng effect of an external object. A 
holloAV viseus such as the bladder, stomach, or intestines either may 
be crushed, or may burst by the hydraulic pressure exerted on the dis- 
tended organ^ (Fig. 1). It was hydraulic pressure that was ])rohahly 
responsible for the rupture of the duodenum in the case to be reported. 

Guibe," in 1910, collected all the eases from the literature from 1835 
to 1910 inclusive. There wei-e 134 cases. In 17 of these, the rupture 
occurred at the duodenojejunal angle. Of these 17, 1 patient survived. 
In all, there were 62 operations rvith 4 recoveries. Eighty-four cases 
were collected from 1910 to 1940, with 37 recoveries. These improved 
results, no doubt, are in part due to the advances made in surgery dur- 
ing this period. Duodenal rupture occurred in about 10 per cent of 
all intestinal ruptures. 

When one reasonably suspects such an injni-y, it is much safer to do 
an exploratory laparotomy, rather than procrastinate. One should not 
indulge in wishful thinking, hoping that the injury may he trivial and 
will require no surgical intervention. The high mortality in ca.scs of 
duodenal rupture may be explained by. (1) the frequency ot a.sso- 
ciated serious injuries, (21 operative delay, (3) nonrecognifion oi the 
rupture before or during the operation. The dangcre of procrastina- 
tion in intraabdominal injuries arc mainly hemorrhage and peritonitis. 
The sj'mptoms are those of shock duo to homoriliage or jjcrforation. _ 
During opei'ation one may oveidook a rupture of the duodenum it it 
occurs retroperitoneally. Emphysema and crei)itation over the second 
and third portions of the dnodcmiin, accompanied by a green .spot or 
area overlying the rupture, are due to the extravasation of the duodenal 
"secretion ' These findings should imt one on guard and make one scai’ch 
decner for such an injury. 

T ernnd manv of the reported cases the condition wa.s not rccog- 
niz^d^'or treated until many hoiii-s or days after the accident. The 

— ived for pu«n.Feb. IT. 
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case to be presented illustrates some of the points discussed, as e^ idenced 
by the character of the accident, the operative findings, the clinical 
course and the end result. 


CASE REPORT 

ntstory.—'i^Qv. 2(i, 1942, at 1 P.M., M, M., a boy of 15 years, attempted to catcb 
a fly ball during a baseball game. As he jumped for it, he ran into the tailboard 
of a parked truck. Bystanders said that the impact uas so gieat that the truck 
actually moved when he struck it. 

His abdomen struck the tailboard just below the costal margin and the boy col- 
lapsed. He then stood up and was taken to the family doctor's office by auto- 
mobile. Examination at that time revealed a well developed, muscular young man 
in great pain. Temperature nas normal. The right side of the abdomen was 
tender, but no rigidity was present. There was no obliteration of liver dullness. 
A diagnosis of intra-abdominal injury was made and close observation advised. 



FIk. 1 — Meclianlsm of ruptuie oC the duoilenum bv hydraulic force. A sudden 
blow to the abdomen may compress and block the contents of the stomach and 
duodenum causing it to burst b> hjdiaulic piessure. 

The drawing demonstiates dlagi ammatlcaiU the pressure on these organs as in- 
dicated by the at rows, and their blockage .is indicated b> the dotted lines. 

The patient was taken home by automobile and put to bed. He vomited at ?, 
and o p.M. Tho voimtus was dcscrilied as greenish black. The abdominal pain 
became more intense and the dwtor was called again and saw liim at 5:30 p . m . 
Examination llien sliowed rigidity and marked tenderness on palpation, and re- 
bound tenderness on tlie right side. Immediate Iiospitaliration was advised. Tlic 
patient was ndnutted to the hospital about 0:30 P,\f, He w.as .sufToring from 
excniciuting abdonunal pain, more marked in the upper right quadrant. Pain 
w-as greatly aggravated by any motion. Exnminiition i-tiowed the abdomen to 
be rigid and markedly tender. Immediate abdominal c.xidoration was advised. 

At 6PM operation wms performed by one of us (J. S.) under spinal anesthesia. 
A riglit rectus supniumbilictil ineisiou was niade. On ineisi„g the peritcncmu. 
tliere was an escape of a moderate amount of greeuisli fluid from the peritoneal' 
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cavity. Tlie liver and spleen were palpated and were found free of injury. The 
gall bladder appeared normal. The gastrocolic and the gastroliepatic omenta in 
the region of the pylorus appeared infiltrated with bile-stained fluid, and were 
quite swollen and edematous. In attempting to pass through the anterior layer of 
the omentum, there was an escape of many gas bubbles and bile, suggestive of an 
injury to the duodenum or bile ducts. After penetrating and separating a good 
deal of the infiltrated gastroliepatic omentum, deep down, extraperitoncally, there 
was found a rupture of the second portion of the duodenum, probably just below 
the Ampulla of Vater. The opening extended transversely across the duodenum, 
involving about two- thirds of its circumference (Fig. 2). The edges were found 


Papilla 

Vater 


RUPTURED 

DUODENUM 



Fiff. 2.— Rupture qt ^Tlm^^^pTure'%S‘‘’suUlrmI 

dWeetioT to avoid ‘’constriction "of lumen, as shown in Insert. 

everted with the The 

Tbe fact that the p.ter.s .id 

in the least traumatized, pre.s.sure (Pip. D, and not tn 

demimintlns case '' although the duodenum is liable to 

the direct crushmg position again.st the bodies of the veide- 

be crushed because ,,, the costal arch, liver, and floating 

hra. The fact that it is P injury. The muscles of the 

intestines ; ...tract to pmled 0.. viscera Iron. a,. »n™n,. 

abdominal 'vaU retiex j 
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Flc. 3.— Oniplile chart of the temporaturo, pulse, nml respiration. The respir.atlons wore unusually slow, at about 30 per minute. In 
contiast to the rapid pul.se reachlns ns hlith n.s ICO, and hlffh temperature topplnjj 10.1“ I*’, during the (Ir.st weelc. 




OUHVIljlV A 


mg blow, w]ie« fliiticipaled. The reason foi the niptm-e of the duo 
donum may be partly explained by the fact that in tins case he b 
don.o„ . „,c„ of tho tool- «, p„,io..t ,, “Jta.. 

Jilhl “ “"""“f ™ tiK tali TIm 



Fig -I — X-raj Dec 30. 1942. re\ eals no ei idcnce of am pithologj m the itomacli 
or duodenuni, except that there is a constant shelf oi pocket (see Inseit) sltuntort 
in the inner aspect of the UuoOenal curie iihich is at the site iiiicic tiie luptuie luis 
repaired 


The duodenum iias closed transierselj bj mtcriupted 00 nembort sutures, fol 
loiicd by a continuous seiomiiscul.ar hajer of sutuios and a fen interrupted sutures 
to reinforce the line of closure. Tiio cigarette drams iicre inserted (on.ird the 
liead of the pancreas, close to the line of anastomosis Ten gr.inis of sulfanil imide 
were introduced into the peritonea! tanfy and the abdomen u.is closed in Inieis 
A Leiin tube was passed and 5 per cent glucose iins administered intraienoii'-h. 


About 4 AM. or about eight hours after operation, the temper iture rose to 101” 
F pulse 120, respirations 22, and the patient became stuporous On Noi. 2S, the 
temperature rose to 105 4° F., pulse 100, respirations 12 Tlie blidder iias found 
to bo niarhedly distended. The patient n.as (athofprii'cd and 2.i ouiires of urine 
obtained He Mas gnen .1000 ce. of glmose intr.iienoiisb, and a continunus 
TT drio Mas started. The dressing ii.as changed, moderate drainage found, and 
Tpmrose drain remoied. The londilion of the pitient greii iiorse, (he puKe at 
ns imoerceptible and re-piratioiis nere 30 per minute (almormalh sjo;, as 
times M. 1 temperature). ,'!ome ir.pitatmn un- fell la 

compared ‘ from the mi ismn. Tins t mpliisemn mai 

the .abdominal iva , • retroperitonn! site of the duodeni) rupture, nhirh 

have been an extension from i 
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gradually came to the surface. The Lerin tube drained bile-colored fluid. The 
patient "Was given a transfusion of dOO e.c. of whole blood, 10 c.c. of cortical extract 
were given intravenously, oxygen was administered, and 5 Gm. sodium sulfathiazole 
were given intravenously. 

Nov. 29, the condition of the patient was poor, but better than the previous 
day. The temperature was 301.2° F., pulse 110, respirations 13 per minute. The 
abdomen continued to be soft, with no increased crepitation. Drainage from the 
Lena tube was less bile-stained and more clear; 10 per cent glucose was given 
intravenously, tea and water were given by mouth. Oxygen rvas continued, and cor- 
tical extract and 5 Gm. of sodium sulfathiazole were given intravenou.sly. 

Kov. 30, his condition took a marked turn for the better. Tlie patient became 
rational and temperature was down to 101.4° F. in the afternoon. From then on, 
he continued to improve. 

On Dec. 1, lie had a chill with a rise of temperature to 105.2° F. wliieh lasted 
a few hours. This cliill was probably nonspecific in origin, and probably due to 
pyrogens in the intravenous fluids. The blood counts were as follows: On admis- 
sion, 17,000 white cells and 7C polyniorplionuciears. On Nov. 28, the red cells were 
5,000,000, hemoglobin S2 per cent, white 11,600, and polymorphonuclears 72. On 
Nov. 30, red cells 1,150,000, hemoglobin 82 per cent, white 15,000, polymorpho- 
nuclcars 72 per cent. The clinical course from Dec. 2, to date of discharge, Dec. 
12, was uneventful. The temperature (Fig. 3) ranged from 100.5° to 98.5° F., 
the pulse and respirations were within tlie normal range. The drain was removed 
on the sixth day, and sutures were removed on the eighth day, with primary union, 
except at the site of drainage. The patient was diseharged on the seventeenth 
postoperative day and when last seen, Dec. 29, 1912, was in good health. An .x-ray 
checkup revealed no evidence of any obstruction at the site of injury (Fig. 4). 
The stomach contents passed freely through the duodenum as evidenced on fluoros- 
copy. There was slight retention of barium (a few cubic centimeters) at the site 
of the repair of the rupture. 

SUMMARY 

1. Rupture o! the duodenum may not he recognized until some time 
after the injury . 

2. Yomiting immediately after the in.iury is due to a reflex contrac- 
tion of the pylorus with reverse peristalsis, a protective measure in 
cases of gastrointestinal involvement. 

8. In.iury to the duodenum may l)e overloohed during the operation 
especially if the rupture is extrapcritoneal. The emphysema and 
greenish spots arc clues which should lead us to search for such a 
perforation. 

4. The stormy clinical course in this ca.se : Hyperpyrexia, very rapid 
pulse, and unconsciousness for days, probably was due to tlie toxic 
absorption of the duodenal contents that seeped through i-etroperi- 
toncally. 

The introduction of sulfanilamide intrapcritoncally and parenterallv 
together with blood transfusion, and intravenous gluco.se, intravenous 
cortical extract, and the admini.stration of oxygen, no doubt were help- 
ful .supi)ortivc measures to tide the patient over the critical period. 


REI'EUF,XC1S 

o’ Hugh: The Injured Abdomen, Am. J. Surg. 11: 412 1931 
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teaumatic chylothoeax— a case teeated with 

INTEAI^ENOUS CHYLE 

Edward Sciinug, M.D., AxVd Joseph; Eahsohofp, M.D. 
CiNcixxATi, Ohio 

the Depai-imcnt of Surgery, College of Me, Ikinc of the Vmversity of 
Cincinnati, and the Cincinnati General Jlospital) 

’T’HB tieatinent of eiiylotliorax by intravenous injection of aspirated 
chest fluid has been carried out in eight reported cases to date. In 
1908, Oeken’ suggested this form of therapy and reported the first 
patient tlius treated. Tiie results in these cases are as follows : three 
recovered, three died, and two unchanged. The mortality recently re- 
ported hy Seoville and Whitcomb^ was apparently an anaphylactic death. 
One of the mo.st carefully studied eases is that of Little, Havvison, and 
Blalock,-’ who observed this disease in a 17-year-oId girl for almost two 
years, with the patient reported as alii'e but unimproved. They with- 
drew 550 litoi’s of chylous pleural fluid and gai-e 23 liters intra- 
venously during a six-month period. Nowak and Barton'* i-cceiitly 
reported a cure of spontaneous chylothornx after eight months by a 
phrenicotomy. 

AVe wish to report briefly an additional case treated bj' intravenous 
administration of the aspirated fluid. 

CASE REPORT 

tv. C., a 23-j’ear-o](l Negro man, ivns admifted to tlie surgical service of tlie 
Cincinnati General Hospital sliortlj after liaving been shot in tlio right niidclavirtilar 
line between the fifth and si.xth ribs. He was vomiting and complaining of severe 
abdominal pain and pain over the dorsal spine. Physical e.vamin.'dion revealed a 
normal man, not in shock, with a rigid, fender ahdonien, and point (enderne.s.s over 
the eleventh dorsal vertebra. His white count was 10,000. N-rays showed a large 
caliber bullet to be lodged in the left posterior portion of the body of the eleventh 
dorsal vertebra. 

Under cyclopropane nncathesiii an e.vploratory lajiarotomy was performed. A 
small amount of blood in tlie peritoneal cavity wan seen to have corno from a half- 
centimeter wound in the upper right lobe of tlw liver. Thin noiind wan not bleed- 
inff Although a complete exploration wa.s performed, no oflier intra-ahdomin.'il 
iniuries were found. Approximately ti Gm. of siilfanilainide rvere placed in (he 
abdominal cavity and the inci.sion closed without drainage. The bullet wound wan 
k-cised, cleansed, and closed. 

TI natient had a smooth postoperative course, taking water by moiilli on the 
• and an increasing diet thereafter, lie received a course of sulfadia-.tinc 

fherap/totaling 5-1 Gm. over a period of nineteen d.ays. 

'^ivcd for pablicatjoa. Jan. 8. 
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On the sixth postoperative day the patient developed moderate dyspnea. X-rays 
of the chest showed a massive right-sided accumulation of fluid and on the seventh 
day the first thoracentesis was performed. The culture of tlie fluid as well as that 
of all subsequent ones proved to be negative. The patient was placed on a fat- 
free, high protein diet. Following this, as shown on the accompanjdng chart, thirty- 
four taps were performed over a period of fifty days with a removal of 56,430 c.c. 
of chylous fluid. During an interval of twenty-seven days, 16,800 c.c. of this fluid 
were given to the patient intravenously according to the method described by Smith 
and IVolivers of this hospital. On occasions, slight chilly sensations formed tlie only 
.systemic reaction to the injections; no significant change in pulse or blood pressure 
occurred. 



Fip. 1. 


On tlie fiftocath day a riglit plircnicoloiny was performed. Following this tlicre 
wa« no apparent decrease in the rale of accumulation of fluid. From the sixteenth 
to the twenty-ninth day.s tlie intravenous therapy was very difficult to maintain 
because of a plilebothromhosis in all extremities. As can be seen from the chart 
the patient's plasma iirotcins dropped .steadily in spite of 1590 c.c. of blood plasma 
administered by hypodermoclysis. 

On the tiienty ninth day and thereafter, at the sugge.stion of I.ouis G. Herrmann 
Heparin was used as an anticoagulant rather than sodium citrate. The licparin was 
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added in the ratio of 4 Jiig. to each litpr of oJicst fluid. In the ne.xt five davs it 
yyn, pons, hie to adn.inialcr 7000 c.e. of cl.c.^t fluid infravenou.<.Iy. The pafirat’s 
pla.s/nn proteins ro.se to«nrd.« normal levels (Fig. 1). 

In .spite of file patient 'a improved condition, tliere was no apparent decrease in 
1 10 rate of eollection of eliylou.s fluid in tiie clie.st. It was tlierefore decided to 
in,ic(;t 50 c.e. of sterile brotli into tlie pleural cavity in order to stimulate a fibrinous 
reaction, as reported by ReinliofT.n and tliu.s seal off tlie leaking duet. However, 
wJien attempting to aspirate as imicli fluid as pos.siblo before injecting tlie broth, 
only 2500 c.e. could be obtained. Previous to this date over 3500 c.c. had been 
witlidraivn without the development of respiratorv embarrassniont. The brotli was 
injected in spite of this sudden significant improvement. After the injection of 
the broth there was no leucocytic or temperature response to indicate a pleuritic 
reaction. ^ i ; 

' ' I 

Polloning this day, there was apparently a complete cessation of leakage from 
the duct and small amounts of fluid were aspirated in order to hasten tlie re- 
e.vpansion of the lung. Tiie patient recovered completely. 


DISCUSSION' 


Tliis case demonstrates the efficac.v of replacing tlie pi-oteiii and fat 
lost into the chest cavit.y in ch.vlothoi-ax by intravenous administration 
of the aspirated ch.ide. In the interval between the sixteenth and twenty- 
nintJt days, tvhen there was a great disproportion between the amount 
of fluid withdrawn and that given intravenously, there occurred a 
precipitous drop in plasma proteins. Once this disproportion was wiped 
out, the plasma proteins again rose toward normal levels. 

In spite of absence of untoward reactions in our patient, it is probabl.^’ 
wise to take special precautions when first i-einjecting the chylous fluid. 
A skin test with the fluid, as well as very slow injection of small amounts 
intravenousl.!', should probably be cari-ied out. It has also occurred to 
us that the size of the fat droplets may he important in the pi’oduction 
of deleterious side effects. 

The use of heparin as an anticoagulant in the fluid to be injected 
appears to be a valuable adjunct in the treatment of these patients. 
Blalock and co-workers^ reported the extension of a pre-existing thrombo- 
phlebitis in their case on the administration of aspirated chyle. This 
complication Avas also the limiting factor in the intravenous replace- 
ment therapy in our patient until heparin was substituted for sodium 
citrate. The plilebothrombosis evoked by the fluid was then definitely 


decreased. 

The iniection of sterile broth or other fibrinogeiiic agents into the chest 
r't ' may he of A-alue in sealing off the leaking duct. It is nnfoj'tnmito 
tri hi this instance the instillation of broth was eai'ried out coincident 
!Sh the apparently spontaneous cessafion of the leak. 

„.,nbpr diet nor phrenicotomy had any noticeable effect on 
In our case It is impossible, however, to predict what 

the course ^ outcome here if these procedures had been omitted. 
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SUSIMARY 

The intravenous replacement of chylous fluid aspirated from the 
pleural cavity in eases of chylothorax represents a physiologic method 
of maintaining these patients. Energetic attempts toward these ends 
are indicated while other therapeutic measures are being carried out. 
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CARCINOMA OP THE PARATHrROlD GLAND 


Kakl a. ]\lEyuii, M.D., F.A.C.S., and Alex B. Ragixs,* M.D. 
Chicago, III. 

(From the Surgical Service of Earl A. ileycr, the Department of Surgical Fathology, 
Cool; County Hospital, anti the Cook County Graduate School 
of Medicine, Chicago) 


C ARCINOiMA of the paratJiyroid gland i.s rare. Altliougli a number 
of cases liave been reported,’ tJic diagnosis of carcinoma of the 
parathyroid gland is questionable in view of the fact that the blood 
chemistiy and x-ray examinations in tlie.se cases have been incomplete 
or liave failed to show the characteristic changes. In some instances, 
liowever, one may concede the diagnosis of a carcinoma of the paia- 
thyroid gland, as reported by Petersma- and Sainton and Millot,^ al- 
though no follow-up of their ca.ses has been submitted in the literature. 

Hall and Chaffin’ have reported the autopsy findings on a ease 
diagnosed as carcinoma of the parathyroid gland’ udiich they have 
observed for six years. However, in view of tlieir incomplete blood 
ciiemistry work-up and incomplete examination of the bones at autopsy, 
one hesitates to accept the final diagnosis of carcinoma of the para- 


thyroid gland. 

In a previous publication’ we have had the opportunity to present 
a case of a diffuse fibrocystic disease of the bone due to a earemoina o 
the parathyroid gland; the patient’s response to 

management was reported. We would like to report now the complete 
clinical course of the patient and the post-mortem findings. 


CA.SE KEPOKT 

The following history is a brief abstract of the case up to 
19 ^“ thf cou,™ of tl.e nnhl tl.o . 

death on Dec. 24, 1940. 

.r Groek man was admitted to the Cook Count.v Ho.sj.ital on Oct. b, 

H-t presented ePnicat, j^^td 

f hvnerpnrath}-roidi.sm and difl'use fibrocystic disease o tic bone (la 

’/j) In addition, calculi weie observed III both lenalpehe.s. . 

^ U e extirpation of the tumor of the right paiathyroid gland m October, 

Following e. sub.iective .symptoms a.ssociated witli a 

1937, there was . recaleifieatioii of bone. However, the relief from 

normal serum temporarv, and in JIareh, 1933, the patient began o 

the subjective sjmp the^ j,oiie.M. In July, 193S, the patient had his right 

complain of that time blood chemical analy.xis revealed a hyjier- 

ilfth finger in. but the x-ray findings .showed definite areas o 


reealcifieatioa m 
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3 cm. in diameter Tvas noted in tlie region of the right lohe of the thyroid fixed to 
the right jugular vein and carotid artery. 

In view of the recurrent nodule fixed to the major Ijlood vessels and failure of 
the patient to improve, he nas readmitted to the hospital on Oct 19, 1938, for 
further observation and xray therapy. He received approximately o, 000 r. through 
each of the three ports over the lateral and anterior aspect of the neck. He re- 
ceived weekly treatments of about 250 r. per treatment over a period of eight 


I’iK 1 —A V-iaNs of the rlKht lattlus .inU ulna Miowms; the fibroostic changes In 
Uu bone prior to suigical l'enlo^ il of tht pArath>roia tumor In the latter part of 1937. 
li, i:ie\cn nionlh*^ postoperatiNeU . ‘-howinc tontlenc\ toward recalclflcation. C, Sho^\- 
Ing t xaggf. rated Obrocistlc ch ingot* of the light ulna and radius t\so >ears post- 
oporaU\cl>. due to the persistent action of the recurring piiathyroid carcinoma 

luuutU*^. In addition, he roccued uhout U,tiOO r. to hi'' right \\ri‘'t and both log^. 
The failots u«od nore 200 KVi^, 25 Mu., 50 uud C2 cm. skm target distance, V.; 
mm. copper and I mm. aluminum filter, 0 l> c cm. half taluc laier. The size of the 
ports nus approximately 25 cm. 

FoUoning the induction of \ raj thorapj the patient left the ho^-pital, only to 
return the following .\pnl, and for the last time m October, 1059. At this time a 
jdnsu'al examination reioalcd a poorh nouri'>hed, jioorh deielopcd white man, who 
appeared ill. The blood pressure wn** 122/70; temperature, 9S.G° F,; puKe, 70; 
Tc^piratiou, 20. Teeth were in poor condition. The llnroid was not palpable, but 
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Tablk t 


DATE 


10/21/37 

10/20/37 
10/27/37 
11/11/37 
ll/lS/37 
11/22/37 
11/27/37 
12/ S/37 
0/ S/3S 
S/11/3S 
1V1S/3S 
1/ 5/30 
2/20/30 

10/23/30 
4/ 7/40 
0/13/40 

11/14/40 


SEUUit CAI.CIUiM 
(MO. Pei: 100 
C.C. N-O TO 11) 


10.1 

15.1 

10.1 
8.0 
0.1 
0.1 
0.1 
9.0 

12.0 

12.S0 

15.05 
14.03 

14.05 

13.00 

14.31 


13.70 


sE7:ojf ruoo- 

PIIORUS (AfG. 
per 100 C.C. 
N-3.5 TO 5) 


3.1 

.3.0 


3.0 

2.4 

1.00 

1.45 

2.03 
2.3S 
4.31 

3.1.3 
2.70 


10.00 


PirOSPHATASE 

(BODANSKY 

0NITS) 


22.0 


7.y 

7.8 

9.7 

13.1 

27.0 


40.0 


takiation 


Urea N., 21 
Blood sugar, 75 
Tumor removed 
Calcium lactate, 
gr. f.i.d. 


30 


Calcium lactate 10 
gr. b.i.d. 

I Pains return 
iN.P.N., 32 
I'Tofal proteins, 7.9% 
Total proteins, 7.2% 
Urea N., 27.5 


Total p r 0 t ei n s , 
5.72% 


a hard, stony mass in the right side of the neck at its mid-portion and beneath the 
sternocleidomastoid muscle was palpable. 

There was a marked deformity of the chest and the lower half of both anterior 
chest walls (Pig. 2). The left fifth to ninth ribs felt as if they were matted to- 
gether. Expansion was poor bilaterally with distinct dullness over the lower half 
of the right and left chest wall posteriorly. Tactile fremitus and breath sounds 
were diminished over these areas. 

The abdomen was scaphoid. The liver, kidneys, and spleen were not palpable. 
On rectal examination a small, hard nodule over the left lateral lobe of the pros- 
tate was palpated. 

The left upper extremity showed a fracture through the left humerus and a 
marked fusiform swelling of the ulnar bone of the right forearm (Fig. 1, <7). The 
right lower extremity revealed an almond-sized mass over the anterior upper third 
of the tibia, which was of a stony consistency. Beneath this was a soft mass in- 
volving the bones. The left leg showed an area of diffuse induration, swelling, and 
tenderness just belorv the knee joint. A distinct orange-sized mass in the medial 
side of the upper third of the tibia was also noted. 

Blood chemistry analysis at the time of the last admission revealed a hyper- 
calcemia, lij-pophosphatemi.a, and an increase in phosphatase (Table I). The patient 
was semiambulant and remained in the hospital. During his stay he fell while 
attempting to leave a wheel chair and sustained a fracture of the left tibia and 
fibula. 

This fracture confined the patient to bed, where he remained up to the time of 
his death. While confined to bed be began to complain of pain in the loft liip. 

A portable x-ray revealed a pathologic fracture of the left femur. 

The condition of the patient became progressively worse and he developed gen- 
r lized pain and moist rales in the chest. On Dec. 24, 1940, the patient died, 
'matelv three years and eiglit months after tlie onset of illtie.^s. 

^^TiT autopsy done' by one of us (A. B. R.) revealed the following import, mt 

autoptic yjie body was that of an emaciated white man. Over the 

Extemo 1 ^ ^yrgical transverse scar measuring 12 cm. The right sterno- 
neck was a le. niore prominent than the left, and in the mid-nortion an 

cleidomastoid muscie 
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irregular firm mass was palpated which seemed adherent to the underl)'ing struc- 
tures. The teeth were carious in the upper jaw and absent in the lower jaw. Both 
clavicles were prominent, the left being greater than the right, with a distinct 
bowing. The eliest was deformed and there were numerous prominences beneath the 
skin, extending over all the ribs. The abdomen was retracted three fingerbreadths 
below the level of the chest. Finger tips were slightly cyanotic. The lower portion 
of the right ulna showed distinct bulging over the dorsal, lateral, and volar sur- 
face, measuring 7 by 3 by 5 cm. The right little finger was missing (amputated 



FIR. 2 — Clie.st x-ray showing extensive fibrocystic chanKCs in the ribs and area o£ 
Incrcasotl density of the luugj* and marked deformity of the chest. 

at the carpal- phalangeal joint). On twisting the right leg a distinct crepitus was 
elicited at about the mivldle of the right femur. A similar crepitus was elicited 
at the upper third of tlie left femur. On the medial aspect of the left knee was 
an imeient 5 cm. scar. Both tibiae .‘•howod irregular nodular processes extending 
above the surface of the bone. The skin over the legs was edematous, and on 
movement the crepitus feeling was elicited through the mid-portion of the left tibia. 
The skin over tiie legs was brown gray and edematous. The left leg was shorter 
than the right by 1 cm. In the right lower quadrant was an ancient healed 10 cm. 
herniotomy wound. 

Intcmnl I'twhngf:.— Lungs : Tiie right lung wa.s crepitant to suherepitant through- 
out. Tile surface was smootli, ligiit purple gray to pink gray and at the apex were 
small fibrous tags. The free surfaec lower lobe contained single nodes measuring 
from 2 to 4 mm. iu diameter. The free surface of thc.so nodes was light purple 
gray and extended bpttonlike above the surface of the pleura (Fig. 3 j. On section 
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the nof). e.v(eede(l into the parenchyn.a for 3 mm., light purple gray mottled bv 
nti'rn/f ", sectionetl surface of the right king nns light 

in thn 'va.s dark purple gray, crepitant in the upper lohe and subcrepitant 

r 0 le. Ihp .surface was .studded by node.s mea.suring from 0 4 to 25 

X',!h oo't”- (Fig. .^). On section the.se node.s were 

. - uibtr to fho.se ,lc.senbed in the right lung. Tlie .sectioned surface of the upper 
0)0 uas puj-ple red and contained a sniall amount of frothy bloodstained fluid. 

10 OHor lobe was dark imrplc giay and contained .small granular areas of con- 
.solKlutum. In the middle lobe the mucosa of the bronchi aas purple red and 
covered by a small amomt of bloodstained mucoid material. The mucosa of the 
trachea iras pink gray, smooth and shiny. 



Fig. 3. — Lungs showing nodular buttonlike metasfases of parathyroid tumor tissue of 
tiie ptcurai surfaces of the Sungs. 


Thyroid: The thyroid measured 5 bj' 3.5 by 1 cm. The left lohe was light 
purple gray tan. In the upper pole was a sniall oval-shaped nodule within tlie 
capsule measuring 4 by 3 by 1 mm. (Fig. 4, £>). The left lobe of the thyroid 
measured 3 by 2 by 1 cm., was considerably firmer than the right, was purple gray, 
and on section was light pink gray. 

Lymph Nodes: Adherent to the right jiigirlar vein (Fig. 4, B) and compressing 
it from the posterior aspect was a firm mass measuring 3.5 by 2.-5 by 2 cm. On 
section it rvas firm, gray white and in places distinctly calcified. The left sub- 
clavieular lymph node and peritracheal lymph node (Fig. 4, C) were enlarged up 
to 2 cm. On section this was light purple gray and in places centrally liciuefwd 
and partially calcified. The periaortic lymph node measured up to 2.3 cm.; on 
seatiorr it was purplish gray. The iliac lymph node measured up to 2.5 cm, and 
on section it was purple gray. The left iliac lymph node measured up to 1.5 cm. 
and was purple gray mottled by areas of red gray. 

Kidneys- The kidneys, together, weighed 4S0 Grn, The riffht Iculncy, ISO Gm., 

' 1 I** by 7.5 hy 3-5 cm. The c.apsiilc .stripped with ea.sp. 'flic .surface wtis 

meagre - coarsely gray. Over the com-c.v surface of the kidney 

light „ ggsion 2 bv l.S cm. and a darker brown gray. The cortex, 

a-as a indistinct markings. The pelvis was 

up t® ® inner cali.v was filled with small urinary concretion.^ measuring 

slightly dilated; the upper 
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from pin point to 3 mm. in diameter. The lower and middle calix and pelvis were 
occupied by an irregular staghorn stone measuring 3 by 1.5 by 3.5 cm. In the 
lower pole of the kidney extending above the surface was a small gray wliite 
nodule, 4 mm., which extended into the parenchyma for a distance of 3 mm. (Fig. 
5). 



Fie. 4. — A, Showinpr the m.arked ftbrocystie changes of tlie vertebme. B. Perijugu- 
jar lymph nodes contain tumor tissue with areas of calciflcation. C. Peritraclieai 
lympli node sliotving metastascs of tumor. iJ. Nodule in upper pole of lobe of thyroid 
showing Invasion into the crlcoth>roid muscle. 

The left lidncy weiglied 300 Gm. and measured 13.5 hy 7 liy 7 cm. The capsule 
was markedly adlierent. The cortex in the upper pole was reduced to 1 mm., and 
tlio lower pole varied from 3 to 4 mm. The upper pelvis is markedly distended 
and fdlod by a creamy yellow purulent material (Fig. 5). Tlie mucosa was pale 
purple gray, mottled Ijy tliicker arca.s of briglit light yellow. Tiie lower portion 
of the pelvis and its respective calicos were occupied hy a liuge staghorn stone 
measuring 7 by 1.5 by 4.5 cm. and were brown gray and very firm. In addition, 
there were several facetted brown-gray stone.s with granular surface measuring 1 
cm. in the greatest dimension. 

The urinnry bladder was filled by green gray to yellow-gray urine. The mucosa 
was purple grny mottled by pin-pomt to .3 mm. sired vcsiclo.s filled with a slightly 
cloudy fluid and surrounded by a distinct brown-gray rone. 

Tlie prostate measured 4 by 5.5 by 4.5 cm. On section it was diffuse light 
purple, tan gray. In tlie right later-vl lobe was a small irregular zone, 2 cm. in 
its grotilest (iimoimion, winch wns grei'nish 
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vertebrae, and prLtically all eTtel""* right-sided scoliosis of thoracic 

thinning of cortex and thn P»' ‘'<=«I«rlv the lumbar, show a marked 

tissue (Fig! 3 J)!’ " “ -ft. P-ple-gray 



Fig. 5 — Showjug- bilateral renal calculi and a left-sided pyonephrosis of the left khlnej' 
and tuinoi metastases in the lower pole of light kidney as indicated bj- allow 


The riffht femur shoned a tremendous destiuction of the cortex. The muscle 
tissue about the fracture area was infiltiated with blood. The cortex of the bone 
cut with very little resistance. The pelvic bone cut like butter, and the bone marrow 
cavity likewise was filled with purple-gray tissue. 


The left iil>ia, at the site of fracture, sliowed a marked destruction of the oorte.x, 
the periosteum in this legion wa.-- thickened and on scraping anay left a roughly 
granular, yellow-gray to purple-gray surfiice. At the site of fracture the cortex 
was easily cut and the bone marrow appeared purple red. The loner third of tlie 
right ulna shoved similar changes in the bone as described previously. 

Practically the entire sternum was replaced by a soft, purple-red marrow mottled 


by areas 


of yellowish gray. The cortex in places was markedly thinned. 


The spinous processes 


of thoracic and lumbar vertebrae were completely trans- 


formed into a reddish purple-gray mass. 

V 11 measured IS by U cm.; the average thickness was 7 mm. The inner 
The sKui eranular. The hone was someiihat fie.xible and sawed 

aspect was purple graj anu g 
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■with ease. The sphenoid bone and the petron.s portion of the temporal bone Y-ere 
purplish gray, and the consistency -was markedly diminished. 

Mioroscopio Examinatimi . — Sections were made of all organs and the following 
are some of the pertinent findings. 

Urinary Bladder: The transitional cell layer of the mucosa of the urinary blad- 
der was markedly flattened and in places was missing. In some areas there was 
a slight downgrowth of the epithelial cells forming small nests of cells with oval- 
shaped nuclei and pale-staining vacuolated cytoplasm. Some of these nest cells 
were distinctly calcified. The submucosa was heavily infiltrated by round cells and 
plasma cells, and in places the submucosa was composed almost entirely of discrete 
nests of lymphocytes with single histiocytes filled with golden brown pigment and 
a few dilated blood vessels. The muscle bundles of the muscular layer -svere -n-idely 
separated by edematous connective tissue and did not show any inflammatory changes. 

Prostate: The right lateral lobe of the prostatie gland showed a moderate hyper- 
trophy and hyperplasia of the epithelial cells lining the gland and in places showed 
papillary proliferations into the lumen which were filled and distended by numerous 
poljTnorphonuclcar leucocytes. The fibromuscular stroma about these infected glands 
was infiltrated with lymphocytes, plasma cells, and polymorphonuclear leucocytes. 
In other areas the hyperplastic glands were not infected. 

Kidney: In the left lidney many of the glomeruli were intact and of normal 
sire. Others showed a slight to moderate thickening of Bowman’s capsule. Still 
others, on the other hand, .showed a partial to complete hj-aliniration of the glomer- 
ular tufts and glomeruli. The proximal and distal convoluted tubuli were dilated 
and in places filled with amorphous debris. The epithelial cells showed a slightly 
cloudy swelling and in places a moderate atrophy of the cell. Scattered through- 
out the cortex were small areas in which the tubules were ividely separated by 
dense fibrous connective tissue proliferations which were occasionally infiltrated by 
round cells. The interstitial capillaries, arterioles, and venules -a-ere moderately 
dilated. 

Throughout the section, both in the convoluted tubuli and in the collecting tubuli, 
were minute deposits of bluish-staining calcium material. Kot infrequently, similar 
calcium deposits were seen in the interstitial connective tissue (Big. 6, B). The 
epithelial lining in some of the collecting tubules was dissociated and filled the 
lumen. The larger blood vessels are slightly thickened. 

The description of the right lidney was similar to that of the left, e.vcept for 
the fact that the small nodule described grossly in the lower pole of the kidney 
was composed of small nests and cords of cells containing large, irregular, hyper- 
chromatie vesicular nuclei (Fig. 4, C). These nuclei were round to oval in shape. 
Occasionally, they were elongated and slightly indented. The chromatin granules 
wore fairly coarse and in places appcarcil to be lodged on thin chromatin threads 
radiating toward the eccentric center of the nucleus where often a distinct nucleolus 
was di.sccrnible. The cell membrane was fairly di.stinct. The cytoplasm of 
most of the cells was pinki.vh staining and finely granular. Some cells pos.®e.«sed 
a clear nonstaining cytoplasm ( Wa.s.serhelle cells). The nuclei made up two-thirds 
of the diameter of the cell. These nests and cords of cells were widely separated 
by den^e fibrous connective tissue strands which were slightly edematous and were 
continuou.s with a semiformed capsule separating the cortical renal parenchyma 
from the tumor nodule. However, within the capsule were single cords of the 
previou.sly described cells. In the outer portion of the capsule were also present 
several atrophic tubuli. ^ 


Lnngs: The tumor nodules found on the pleural surface of the lung as well as 
the one located benc.ath the pleura were composed of cords and nests of polygonal 
shaped large cells with round to rn-al shapcd vesieular nuclei (Fig. G ’ Some 
of them stained rather dwply with hemnhim. The rytoplasm of the greatest’ number 
of (clls was pinkish staining ami granular. Occasionally the cytoplasm was clear 
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pjg. ( 1 — ,4, JIetast<isi‘! of caiciiiomi of paratln rofil to iMiipli node (mapnidcatloii 
ylOO) -B. Nephroealciiiosis of kiclne\ (niaprniflcation XlOO) C, Met.i'ita'sls of car- 
anoma of parathjroicl to Kl(ine^ (masrniflcation XKIO) O, Jlctastasis of carcinoma 
of parathjrolcl to lungr (niapniflcation xHO). 

septal capillaries iiere shglitly dilated. In places tlie small bronchioles iiere tilled 
Mitli desquamated epithelial cells and a fen pohinorphonuclcar Ieucoc\te«, About 
the subpleural nodule the interstitial tissue in the region of the tumor mctastases 
nidelr thickened and infiltrated by poliniorphonuclear leucocites. In one area 
Marge hniphatic vessel nas obstructed bi the tumor thrombus, as nere some of 

tlie leins. normal architecture of the piniracheat hmph node nas 

lymph J 0 ■ ^ peripheri of the node. In large nests of tumor cells 

altered, particu . . • (le^cnbcd in the lung. These tumor cells nere in the 

(Fig. 3, J) 
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form of tumor tlirombi filling the peripheral sinusoids and extending for a short 
distance into the cortical sinusoids. These cells nere chieflx of the eosinophilic 
cell tJiie. Occasionally a nater-clear cell type -was «een. The capillaries of the 
lymph node -were dilated and filled xntli blood. The pulp vs as predominantlj 
lymphocytic, although the sinusoids showed slight proliferation of the reticulum 
cells. 

The periaortic, inguinal, and pcripancreatic lymph nodes reiealed a uniform pic 
ture charactenred by lymphocytic hyperplasia of the germinal follicles iihich seemed 
to merge -with the rest of the cortical .and medullary stroma. The sinusoids ap 
peared to be markedly dilated and filled by proliferated endothelial cells lining 
the sinusoids The cytoplasm of many of the cells was lacuolated and the nuclei 
were eccentrically placed. In addition, a few polymorphonuclear leucocytes and 
eosmophiles were seen in the sinusoids. The trabeculae -were thickened, as -was 
the capsule of the lymph node. 

The left retroclaiicular lyanph node was completely replaced by anastomosing 
cords and nests of polyhedral cells, most of them containing granular eosinophilic 
cytoplasm. Occasionally the cytoplasm of some of the cells was water clear m 
character. The nuclei were large, round, oial, or elongated and distinctly lesicular. 
The chromatin was deeply staining and coarsely granular. Tliese cells in places 
appeared to form rosettes in which the nuclei were markedly elongated and slightly 
lighter staining. Mitotic figures were seen but occasionally. These cords and 
nests of cells were surrounded by thick fibrous hyaline connectiie tissue bands in 
which were small nests of tumor cells, some of them lying within lymphatic spaces. 
In addition, there were scattered deposits of calcium, particularly about the blood 
lesscls. The outer portion of the capsule of this ma«s was covered by fat. Be 
tween the anastomosing cords of tumor cells were thin walled dilated blood vessels 
and focal extraiasations of blood 

Left ParathyroHl Gland: The left parathyroid gland revealed small nests of pale 
pink staining cells with rclatuoly ample cytoplasm surrounded by irregular nests 
of cells whose nuclei were markedly hyperchromatic and surrounded by small 
amounts of pale staining cytoplasm with indistinct cell mcmbi.inrs and bands of 
fibrous connective tissue (Big. T, C). 

Testicle'!: The left testicle showed marked .atrophy of the seminiferous tubules 
The cells for the most part wore deioid of their nuclei and the cytoplasm of these 
was homogeneously pink staining The mtcrstiti.il tissue was small m amount and 
slightly edematous lu places there wore small to large accumulations of Ley dig 
cells, some of them contaiiimg a brownish pigment. The right testicle showed the 
semmifcrous tubule in a somewhat better prosened state but ilohnitoli atrophic 
In the interstitial tissue there were larger accumulations of Ley dig’s cells. 

Iliipaphijns The anterior lobe was composed of numerous eosinophilic cells 
irranged in small cords and occasional aheoli. In the alicoli were small accuimi 
lilions of a pinkish blue staining colloid In the periphery of the anterior lobe 
and ne-ir the middle lobe there was a grc.itcr accumulation of basophilic and 
< hromopholie cells which assumed an alveolar formation. The posterior lobe ap 
peared normal Instologn ,vUy The p.!!*- media contained few dilated eysfs filled 
witli a MuisU material There was no eiidence of basophilic cell invasion of the 
p ir- posterior. 

IdrciKif The cortex revealed that the cytoiiiasm of the reticular and fascieul.ir 
I'lycr lells was markedly vacuolated and relatively rich m lipoids, whereas the 
straUmi gramilos i cells had a homogeneous pink staining cytoplasm. In one area 
there was a difliiwe hy pcrplasi.i of the <ortex In this arei the capillaries were 
“lightly dilaitd The niodull i was compo“td of a normal number of lanrc tmlvoonal 
• oils with dll itod blood vi'scK ‘ ‘ ” 

Microsropi. semen ,i„. thvrohvoid iims,le revealed bundles of striated nin“ile 
which were mperfu tally infiltrated bv ncMs of tumor cells (Fig 7, T>) smiil.ir to 
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p-jjr 7 . A, Spinous process of cen'ical vertebra slioivlnp soveie flbiocystic clianaes 

of bone B Kib, shoning active hematopoiesis anti partial fibrocystic changes. C, 
Parathyroid’ gland fiom left side of neck showing nests of palc-staining eosinophilic 
Sis B Infiltration of muscle tissue of neck adjacent to tlie cricoid bone. 


tumor cells. These tumor cell nests nere separated by nido bands of eonnerthe 
tissue some of which were distinctly liyalinized. In other places the fibrous con- 
nective tissue bands contained small solid nests of tumor ccll.s. Attached to the 
la ’ers of the dense fibrous connective tissue nere islands of fat nliich nere 
^"filt ated by small nests of tumor celts. Similar accumulations nere seen about 

the blood taken from the .skull, temporal bone, middle and in- 

Bones: CC 1 - femur, right tibia, right ulna, ribs, skull, and spinous 

temal ear, ng' ‘ vertebrae (Fig. 7. A) shoned, for Ihe most imrl, rather 

processes of the cert . 
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uniform changes, except for the rihs, which will he described as to variations. The 
hone structures were replaced by a loose proliferating fibroblastic tissue which in 
places contained numerous giant cells, which, in turn, contained as many as fifteen 
to twenty oval-shaped, deeply staining, rather small nuclei. The chromatin of 
these nuclei was rather vesicular. The cytoplasm was rather homogeneous, deeply 
pink staining. Here and there were seen spicules of bone, some of them surrounded 
by large numbers of osteoblasts. Other spicules seemed to show atrophy and were 
surrounded by a few osteoclasts. 

In the rib fibrosis of bone marrow spaces and atrophy of the bone were the 
predominating characteristics. Only a few scattered giant cells were seen. In 
the central portion of the rib there was still present active hematopoiesis (Fig. 7, B). 
The cortex of the bone.s was destroyed in all instances by the fibrous connective 
tissue proliferation. The stroma in all bones contained large focal areas of ex- 
travasations of blood. The petrosal portion of the temporal bone showed extensive 
rarification of the compact bone surrounding the cochlea. The giant cells in these 
areas of fibrosis lay adjacent to the hone spicules. 

The fined diagnosis reached then was recurrent carcinoma of the parathyroid 
gland, with metastases to the peritracheal, subclavian, and perijugular lymph nodes 
and to the lungs and right kidney; diffuse osteitis fibrosis cystica involving prac- 
tically all the bones in the body; multiple pathologic fractures of the right and 
left femurs and the left tibia; bilateral nephrolithiasis, nephrooalcinuses ; chronic 
ascending bilateral pyelonephritis and pyonephrosis of the left kidney, with 
severe atrophy of the parenchyma; chronic purulent cystili.s and cystitis cystica; 
atrophy of the te.«ticles with proliferation of the Leydig cells; marked edema of 
the Icptomcninges ; and cortical adenoma of the left adrenal gland. 

DISCUSSION 

The opportunity presented in doing a complete post-mortem examina- 
tion in this unusual case proved tliat we were dealing with a malignant 
parathyroid tumor. In addition there were several other interesting 
findings which supported the clinical diagnosis. 

The blood chemistry findings (Table I), altbougb they showed a 
definite improvement in the blood calcium atid pliosphatase values, after 
a period of lime (about 8 months after tlie removal of the tumor sur- 
gically) began to show higher values. 

The blood phosphorus was almost always below the normal value, 
except for five weeks prior to the patient’s death, when it rose to the 
unusual high of 10 mg. per 100 c.c. This finding was rather important 
in so far as it pointed to the fact tliat renal decompensation, inde- 
pendent of the previously existing malignant tumor of the parathyroid 
gland, had set in and had already induced a secondary jiarathyroid 
hyperplasia, as characterized by the slight enlargements of the para- 
Ihyroid glands on the opposite sides with hyperplasia of the chief cells 
(Fig. 7, C). Johnson’' rcpoH.s similar findings in a ease of a benign 
adenoma of the right lower i)aralhyroid gland. In his ea.se, liowever, 
liypertensioii associated with a severe arteriosclerosis presented itself.' 
whereas in onr ease, de.spitc the apparent renal dceompon.sation ap- 
parently due to neplirolithia.sis associated with hydroneplirasis hvner- 
tension was not rn-ovpnt ’ • ' 
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Fig. 7. — A, Spinous process of cervical vertebra showing severe fibrocystic ciianKcs 
of bone. B, Rib, showing active hematopoiesis and partial fibrocystic changes. C. 
Parathyroid gland from left side of neck showing nests of pale-staining cosinophlilc 
cells. D, Infiltration of muscle tissue of neck adjacent to the cricoid bone. 


tumor cells. These tumor cell nests were separated by wide bands of connective 
tissue some of which were distinctly hyalinized. In other places tlie fibrous con- 
nective tissue bands contained small solid nests of tumor cells. Attached to the 
outer layers of the dense fibrous connective tis.sue were islands of fat which were 
infiltrated by small nests of tumor cells. Similar accumulations were seen about 

the blood of bone tahen from the skull, temporal bone, middle and in- 

rieht and left femur, right tibia, right ulna, ribs, skull, and spinous 
ternal ear, ,, ‘ .j Tcrtcbrae (Fig- T, A) showed, for the most part, rather 

processes oi xoe 
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tive and subjective symptoms follovring extirpation of the tumor mass 
some twenty-six months iiefore death. Eight months follondng the 
operation, the subjective sjTnptoms reappeared, and a year later the 
fibrocystie changes of the bone became progressively worse, despite x-ray 
iiTadiation to tumor mass and bone. This was followed by a number 
of pathologic fractures. Six -weeks before death the serum phosphorus 
rose to 10 mg., indicating renal decompensation. 

The essential findings of the post-mortem examination were as fol- 
lows : recurrent carcinoma of the paratiiyroid gland with metastasis to 
the peritracheal, subclavicular, and perijugular lymph nodes, the lungs, 
and the right kidney; generalized osteitis, filirosis cystica of the bones: 
bilateral nephrolithiasis, bilateral chronic ascending pyelonephritis, left 
pyonephrosis with atrophy of the renal cortex and nephroealcinosis. 
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Itjs interesting to note that Johnson/ as .veil as Brindie and Hev- 
nian and Atbngiit and Aub,' sIioav calcification of the pyramids, and 
the two latter report of calcification in the cortex and medulla of the 
iadney. This calcification was demonstrated by x-ray visualization. 
Anderson® has demonstrated that in chronic hyperparatliyroidism there 
are destructive microscopic cliangcs in tiie Iddney characterized by 
interstitial fibrosis, calcification, and infiltration by lymphocytes whicli 
lead to renal failure, and yet despite the marked renal failure the blood 
pressure need not necessarily be increased. 

Calcification in the kidney was not the only site of calcification noted 
in our case. It was also observed in the metastatic lesion of tlie tumor 
to the Ijnnph nodes, the thiToid, the urinary bladder, and the blood 
vessels of the heart. Although one must consider the x-ray irradiation 
as a possible cause of calcification following necrosis of tissue, we find 
evident support in the ^york of Bergstrand'-’ that the calcification is part 
of the disease under discussion. In nine cases of primary (benign) 
hyperparathjU'oidisni ho found calcification in some of the tumors. 

A factor which is quite important in the suppoif of the diagnosis of 
the malignant tumor of the parathi'roid gland is the marked progressive, 
diffuse, fibrocystic changes of the bones (Figs. 1 and 2). These are but 
single examples. Films taken ten days prior to tlie patient’s death 
showed almost a complete destruction of the cortex of tlie bones. The 
marked fibrocystic changes are j’epresented by the proliferating osteo- 
clasts in the spinous process of the vertebrae (Fig. 6 , A and B). Despite 
the extensive destruction of hone and bone marrow, the red blood cell 
count was rather constant, although terminally the hemoglobin was 
rather low. This may be explained on the basis that in the ribs there 
were still active foci of hematopoiesis and erythropoiesis (Fig. 6, B). 

The predominating cell in our case resembled tlie chief cell, although 
the transitional cell and the water-clear cells were seen occasionally. 
This finding runs parallel with Castleman and Wallory’s’'’ observaiioii.s 
in their report on benign adenomas of the j)arath.vi’oid gland. 

The effect of x-ray irradiation on primary hyperplasia of the para- 
thju’oid is still a moot question. Rai^paport,” Ilnguet,’- and Schnayer''’ 
report favorably on the therapeutic effect of x-ray irradiation in 
adenomas of the parathyroid and the associated bo}ie changes. 

Sainton and Millot’ and Quick and Hunsberger'-'' ” ai'C .skeptical 
about the outcome of x-ray therapy, in .so far as their patients failed to 

improve. 

Our patient also failed to improve under rather extensive -x-r/i.v 
■••adiation However, we must be somewhat guarded in our opinion 
since we are dealing with a carcinoma of the parathyroid gland. 

SroiMAKV .4XD coxc/.l’.sro.vs 

A of carcinoma of the parathyroid gh-md with i-o.sl-mortcm find- 
ings is presented showing only a temporary improvement w the objee 
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disability in tlie right loner limb and for attacks of hemorrhage from varicose 
\eins in the loner leg. Along the outer thigh reaching from the lower ribs 
to the foot, ran huge, tortuous varicose veins, and the whole right leg was 
enlarged. Thrombi were palpable in the veins, some of them organized and 
a few probabl} calcified. There was a pulsating swelling in Scarpa’s space 
and along the femoral arteiy. Over this a tin ill was felt most intensely about 
the middle of the thigh. In the abdomen was another pulsating tumor eight 
inches across and occupving most of the hypogactrium and right iliac fossa. 
The pulsation here, too, was expansile in character and over it a thrill could 
be feebly felt. The abdominal tumor was thought by Dr. Osier to be a large 
venous sinus as'.ociated with enormous venous dilatation above a traumatic 
arteriovenous aneurysm. 


The occasional ocourrencc of a true aneuiysm of the artery above the 
level of an arteriovenous fistula, led Reid- to believe that the abdominal 
tumor noted by Osier was probably an aneurysm of the iliac artery rather 
than a venous dilatation. The following case is evidence of the fact that 
such extreme venous dilatation can oeenr, althougli it must he quite 
uncommon. 


W. H., u Negro man, 49 vears of ago. was admitted to the Pnssavant Hospital 
in January, 1942, for treatment of an arteriovenous fistula of the light femoral 
vessels and a mass m the right lowei abdominal quadrant. He had been shot in 
the posterolateral aspect of the right thigh eighteen vears before, the bullet trav- 
ersing the thigh and lodging .^ust beneath the skin about three inches below the 
medial aspect of Poupart’s ligament. There had apparently been very little bleed 
mg at the time, and after a brief and uneventful recovery, he returned to work as 
a jamtor, with no residual other than a slight amount of swelling of the right leg 
and the presence of a puinng sensation m the groin. He had no otlier signs or 
symptoms until two vears before admisMon when he began to have dyspnea on 
cvcrtion and occasional attacks of prccordial pain with radiation to both shoulders, 
which gradually increased in seventy until he was forced to give np his work. 
Six months before admission, he noticed for the first tunc a painless swellmgj in 
tlie right lower ahdnmmal quadrant which slowh increased in size until it reached 
the size of a grapefruit, and coincident with this tlicre was marked increase in the 
size of tlie nglit leg with the appearance of varico-.ities and ulcers. The pa«t 
medical lustorj was csscntiallv negative. 


The jio'-itivc findings on phvsnal examination were limited eiitirclv to the cardio 
vascular sj^tem. The heart wa-- enlarged in all directions, witli the maximal apex 
impube in the Mxth left inteno-tal --paie in the anterior axillary hue. There was 
a sistobc murmur which wa-. best heard oicr the apex and which was transmitted 
to the left axilla and the right ■-ternal border. There wav a large ma«s m the 
right lower abdominal quadrant, wliieh ineaMired 14 bv 10 In 7 em. (Fig. 1). The 
right leg wav much larger than the left, there being 15 cm. difrcrcncc in iircum 
ferenee at the mid thigh and 7 im at the mid calf. There were vancositicv and 
pigmentation, and in the region of the nnkle there were two scarv of healed vnn- 
cove tilcerv. There wav a .onvtant thrill and bruit over the right groin jusf below 
Pniipart’v ligament, the bnnl being tr.vnvmitted to the abdominal niasv. The pop- 
Iitr’il nrifl u(*rc n«t 


Obliteration of the flvtnhi in ,l,g,tal piewnre prodmed a drop the radial imive 
rate rom eighli eight to s,xtj six Imats per imnute, and cauved the ah.Ionunal 
m-ivs o divippenr. giuag the cimie-il iiiiprevv„m that it wav a vnirul-ir dilatation 
of the evlernal ibac i..,„ xv,„, rollapve n, the mav. a large voml ' to , 

external iliae nrtcri ™„ld be ontlined jil, lateral ,o „. 



arteeiovenous fistula of the common femoral 

VESSELS WITH EXTREJIE DILATATION OF THE 
EXTERNAL ILIAC ^'^EIN 

Rkport op a Case 

JAJtES R; Watsox, jM.D., axd R. B. Miller. M.D. 

Pittsburgh, Pa. 

{From the Fassavant Hosintal and the John C. Oliver Memorial Fesearch Fund of 
Ihc St. Marr/arcls Memorial Hospital, Pittsburgh) 

Injuries to tlie major Wood vessels of the extremities, resulting in the 
formation of arteriovenous iistida, produce jirofound changes in tlie 
cii’ciilatoi'y system. These changes are both structural and jiliysio- 
logieal and, ivJiile they involve both the arterial and the venous sides, the 
latter is the more adversely affected of the two, and is responsible for 
most of the signs and symptoms which chaiacterize the disease. 

The structural changes in the vein consist essentially of hypertrophy 
and dilatation. The h.vpertrophy involves the intima and media, at 
times giving it an appearance not unlike an artery, a change which 
had been referred to as “arterialization” of the vein. The dilatation 
may be diffuse and may extend for some distance proximal to the level 
of the fistula, or may be maximal locally at the site of the fistula, where 
it represents an almost constant finding. The degree of hypertrophy 
and dilatation varies considerably according to the size of the blood 
vessels involved and the size and duration of the fistula. The dilatation 
is also probably influenced by the resistance offered by adjacent struc- 
tures, and would thus bo apt to be less marked in an extremity, where 
the vein is surrounded by muscles and their fascial compartments, than 
in one of the body cavities where there is nothing more resistant than 
areolar tissue. In eases of arteriovenous fistula of the femoral vessels, 
the proximal dilatation has been frequently described as enormous, and 
OsleF demonstrated a case before the Johns Hopkins jMedica! Society 
in 1904, in which it extended for .some distance proximal to the fistula 
and was sufficiently large to produce an abdominal tumor. The tumor's 
“ori«in was, however, not perfectly dear, and, so far as he knew, there 
were^no other eases like this one in the literature.” His ca.se is reported 

as follows ; 

The man— iiinv .'ll venrs of jigo — Imil, in Iii^ plevonlli year, received u knifr 
I ■ "st n1)OVC tlie rigid knee. This uas ."-ooh ftdUmvil by at Dir 

rvoum JU- ‘ JJIJK-Ition n;is iioficed .-ilong tlie femoral 

° -n the development of « .^welling in flint region. Tlie patient V 
artery m ' , j.p was exee]itimi!illy vigorous e.wcpt for .-omo 

liealtli Imd reni.uniu 

-'^"vea lor ,n.alle.UIon. Jon. X,. 10.: 


200 



WATSON AND MILLER: ARTERION’ENOUS FISTULA 


299 


brandies entering the iistnia, for the most part on its posterior aspect* The artery 
could not be separated from the vein above the level of the fistula, so an attempt 
^^as made to free them en masse from the underlying tissue. They were quite 
adherent and, in spite of careful dissection, the vein ruptured, resulting in a sudden 
and profuse hemorrhage. Large packs were immediately inserted in the ■wound 
and firm pressure was applied. Nitrous oxide and oxygen anesthesia was started 
in order to expedite the control of the bleeding. A vertical incision was made just 
above Poupart^s ligament and the ligament w'as divided over the course of the 
vessels. The external iliac arterv and vein were separated and freed without diffi' 
culty where they passed over the anterior ramus of the pubis, and were tied using 
umbilical tape.' The large saccular dilatation of the external iliac vein was readily 
visible at the upper angle of the inciMon (Fig. 3) and was seen to collapse when 
the vein was tied. The incision iibo\e the ligament wa-^ closed using fine silk, and 
the repair of the fistula continued under local a’i"s'h''S’'i. 



FiK. a.— Dumiummatic sketch of the n-lationship between the aiterio\enous fistula 
anti the ‘-.icrular Ulhilatlon of the fUac vein. 


The ptioks, «CTP rciiioicd from tlm lower inei'.ion oml the wouiul wat- found to 
he dry. A tape wa. then pii*''-ed Ueneuth the urtery and vein helow the tistulu ami 
tied, it aKo liemc inipo--ilile to ..eparnte them here for separate libation. In view 
of the ditlicnltie- already encountered in attempting to separate the ve'-^-cK from 
tiie uiiderUinjt ti*'Nne ahoie the level of the fistula, it did not seem advisalile to 
attempt it ajjain eien tlnmsth ■•ueh a eotir.'-e meant aliandoiiin}; removal of the 
fistula. Several suture^ of No. 2 silk were liaised around the vessels at the level 
of the fistula ami tied in an elTort to olilitenite it in this manner. AlthouKh the 
vessels tended to fill slowly lietvveen the sutures, auscultation with a .sterile stetho- 
scope failed to reveal a hriiit and there was no palpalde thrill. The wound was 
thorouvthly imitated with sterile normal salt solution and closed in layers with fine 
silk. The operation reepured four tind one-half hours. In spite of the lienmrrlmfre 
the pulse was steady between ninety and one hundred beats per minute throuehout 
the operation, there beiac no evident drop when the vessels were lied or the fistula 
sutured. The blood pressure, which was IT.-; mni. of mercury sysfoli,- and Sn mm 
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Ecpciited iinnalyses were negative except for a siiglit trace of albumen. The 
blood count showed 4,220,000 red blood cells per cubic millimeter of blood, with 
87 per cent hemoglobin and 10,300 white blood cells. The differential count was 
normal. The nonprotein nitrogen was thirty-six and the creatinine 1.6 mg. per 
100 c.c. of blood. The Kolnier and Kahn tests were negative. A cystogram (Fig. 
Z), made to determine the size and position of the abdominal tumor, showed the 
bladder to bo displaced toward the left side by a large mass which occupied tlic 
right half of the pelvis. The mass appeared to extend several centimeters aboic 
the superior border of the bladder. 



FiS. 1. Fig. 2. 


Fig. 1. — Illustration showing- the location of the abaoniinal mass and the innrked 
enlargement of the involved leg. 

Fig. 2. — C.vstogram showing the deformity and displacement of the bladder produced 
by the diiated iliac vein. 


The patient was kept in bed with tlic riglit leg elevated for a week in an un- 
successful attempt to decrease the edema. 

Operation was performed on .laniiary 10, under local ane.sthesia. A veriieal 
incision was made over the common temorni rcsseJs below Poiipart’s ligament. 
Jlany dilated and tortuous veins were ininicdiafcly encountered in the siilicutnncous 
tissue. Tlie.se were divided and the incision gradually deepened to cxpo-c the 
fistula Poupart's ligament was not divided as w-e did not want to c.xpo.se the 
•enous mass in tlie pelvis. Tiic fistula was found to he about 5 cm. liplow Poii- 
art’s ligament and was embedded in dense fibrous tissue with the anterior femora! 
ous branch of the femornl neiwo intimately .•idliorent to it on it.« lateral 
'"'t The artery and vein above tin- tisfiila were each approximately •( cm. in 
..Itlmncii measurement of fbe vein was inaei-iirate as jiart of it lay 
diameter, . There was .some .sclerosis of the artery. The nail of the sr-iii 

beneath t le ar e . ^ ^ tliiel; a.e (hat of the jirter.v. T/re \e“sels 


i, thickened, although it 


was.tlilcKC , ‘ j,„purysm were .small, the artery measuring 1 
below the le'e smaller. Tliere were several large arterii 

while the vein was e^en - 


I em. in di.-inieler 
lorinl fun/ 
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the retroperitoneal tissues do not offer any resistance. The studies of 
Reid and McGuire/ which demonstrated the tremendous increase in hlood 
volume in the proximal vein, cause one to wonder whj- the dilatation 
is usually not more marked. The extreme dilatation of the external iliac 
vein found in the ease descrilied appears to he unusual, and vith the 
exception of the case reported iiy Osier, we have been unable to find any 
similar reports in tiie literature. Tlie venous origin of the abdominal 
tumor is beyond dispute in view of the fact that it was necessary to ex- 
pose it at its lower margin through a misadventure during the operation. 
It apparently represents a late complication for, according to the 
patient’s history, it occurred seventeen and one-half years after the in- 
ception of the fistula. Although there is no mention of the duration of 
the abdominal tumor in Osier's case, the fistula had been present for 
twenty years. In our case it was interesting to observe the collapse 
of the abdominal tumor when the fistula was obliterated by digital com- 
pression, and we offer this test as a method to differentiate between 
tumors of arterial and venous origin which occur proximal to an 
arteriovenous fistula. 

SUMMARY 

1. A ease of arteriovenous fistula of the common femoral vessels is re- 
ported in which there was a saccular dilatation of the external iliac vein 
of sufficient size to produce an abdominal tumor. 

2. A diagnostic sign is described which will permit a clinical differ- 
entiation between a venous dilatation and an arterial aneurysm oc- 
curring proximal to an arteriovenous fistula. 
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duistohc at the beginning of the operation, was 145 and 120 mni., respectively at 
the end. ' ‘ ’ 

Tlie patient made an uneventful recovery and left the hospital twenty-two days 
aftei operation with both incisions healed. The improvement noted was dramatic. 
The heaving sensation whicli had been present in his chest before operation liad 
entirely disappeared. Tlie heart was quieter and the murmur was only faintly 
audible. The systolic and diastolic blood pressures were maintained at their post- 
operative levels and were 140 mm. of mercury' systolic and 110 mm, diastolic at 
the time of dismissal. The most pronounceel change was in the size of the heart, 
the transverse diameter decreasing from 20.3 cm. before operation to 10.6 cm. 
eighteen days after operation. Electrocardiographic studies made before and after 
operation showed only a right axis deviation, with no essential alteration after 
operation other than a decrease in the pulse rate. The tissues of the leg were not 
as tense as they had been and measurements showed a decrease of 3 cm. in cir- 
cumference at the calf and thigh. The mass in the right lower abdomen reappeared 
during the first few days after operation and gradually' returned to its original 
size. It possessed a firmness, however, which had not been present before. The 
only' disquieting feature, and this was not entirely' unexpected in view of the fact 
that the fistula had not been removed, was the reappearance of a faint thrill and 
bruit over the operative area on the fifteenth day. 

The discharge note stated that “A thrill and bruit arc still present over the 
femoral triangle, although they are not nearly ns loud ns they had been before 
operation. The abdominal tumor is as large as it was originally, but is now firm 
and not compressible, and does not decrease in size when pressure is made over 
the site of the arteriovenous fistula. It is apparently filled with blood clot and 
should gradually decrease in size as the clot organizes. The patient will have to 
be watched closely and if the heart shows any tendency to enlarge, another opeia- 
tion on the fistula will be necessary. The patient has been advised to spend most 
of his time at home and in bed for the next two months!, and to avoid nil e.vertion. ’ ’ 
When last seen, si.x months after operation, he had no complaint other than 
cramping pain in the calf of the right leg after wnlliing for a distanre of a blork 
and a half. It was readily' relieved by a brief pcrioil of rest and ho uas com- 
templating returning to his yolj. Tliere had been a slow but progressive deerea.'.e 
in size of the leg, there being now only 5 cm. difference in the eireiimference of 
the two thighs. The thrill and bruit were scarcely discernible over the femoral 
triangle. The abdominal mass was firm and was decreasing in size. The artery 
lateral to it was also firm and less distinct and, necoiding to the patient, had sud- 
denly stopped pulsating about three weeks previous. Tlio heart was quiet and 
regular in rliythni, and on .\-ray examination was found to have decreased another 
O.S cm. in its transverse diameter. Branham ’.s brnchycardic sign was negative, 
pres-sure over the fistula piodueing no decrease in the pulse rate of ninety I no 
beats per minute. It is still too early to predict a complete cure, although so far 
the result has been entirely satisfactory. 


DISCUSSION' 

For aiialomie rea.sons it is difficult to detcniiinc the c.xteiil and dogrcc 
f dilatation of the vein pro.xinial to an arlcriovciioii.s fistnhi of tlio coiii- 
femoral ves.sels. H is quite possible that saccular diliilnfioii of Ihc 
‘ , jii'ac vein can occur and still not bo of sufficient .size to be 

t The vein regardless of the degree of dilatation at the level 
is nece.s.saril.v decreased in size where it jms-scs Itenetilh 
)£ the hsi >> beeonio dilated tibovi* it where 

Poupart’s ligaroeni, ■ 
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as much as water. This absorptive capacity is also elevated in ligaments, 
bones, spinal white matter, liver, and spleen. Following tissue satura- 
tion, a sudden release in pressure results in “bubbling.” These numer- 
ous bubbles or gas emboli account for the multiplicity of symptoms. 
The possibilities for damage as a result of these numerous gas emboli are 
numerous, and depend upon the initial degree of saturation and the 
speed of the return to normal pressure. Thus, obstruction to circulation, 
rhexis, and tissue pressure are the basic sources of the ensuing symp- 
toms. If the individual is returned to normal atmospheric pressure 
gradually, body equilibrium takes place by slow release of nitrogen and 
emboli formation is obviated. 

The symptomatology must necessarily be strange and varied because 
of the extensive involvement of tissues. Improper decompression, or 
lack of it, will affect the patient accordingly. The onset of sjmiptoms is 
immediate in severe cases but generally averages one hour. Death may 
ensue shortly after return to atmospheric pressui-e and is attributable 
to pulmonary, cardiac, oi- cerebral involvement. This applies particu- 
larly to obese individuals. xVn excellent description and classification 
of the symptoms is that of Behnke,^ namely, bends, chokes, and paraly- 
sis. The bonds are most common, consisting of pains in the extremities 
and .ioints. Abdominal cramps accompanied by nausea and vomiting 
are also common. The unyielding tissues of the extremities, particulai’ly 
in the joints, account for the pain. In chokes, involvement of the 
pulmonary vessels is responsible for the asphyxia picture whicli is often 
associated with liloody frothy expectoration. Paralysis is less common 
than bends and is a grave sign. Here the pathologj’ lic.s chiefly in the 
ecnirai nervous system. Paresis, paraplegia, and hemiplegia are rare 
findings. 

Briefly, tlic tieatment consists of reeompre.ssion to the original high 
io\cl followed by decomiirossion in stages and reduction of previous 
pressures Iiy one-lialf. This mctliod lias proved more efficacious than 
a steady gradual decomprcssioii. Ilelium-oxygeu mixtures (SO and 20 
per cent ) have been found to he a valualilc adjunct in the dceoiujirossion. 
lleUum, an inert gas, is one-soventb as dense as nitrogen and is Ic-ss 
readily put into solution while it.s diffusiliilify is greater and thus more 
readily freed from solution. 

The following ease report presents a new comiilieation in caisson 
disease, namely, leg ulcci'S'. 


CASE REPORT 

-1. C. (Xn. «!is adimtteil .lime S.t, 1011 jmil (liM'liiirgpil Uir. 30, lOH, 

Tlio putiput, u fornipr vorKer, ngwl 5S jears, %\uc iictiniUoit to ttie itotro 

polilan Ho>pitul with a cliipf complaint of iimltiplr Jptr uJeore of aiiotit four jears' 
iluratiou TJic iih-oralions were prcoeJod li\ (he appearance of nniltipic huffac on 
liotli lpf;s. After a fevi ilajs the bli'-tcr-, liroKc down and the rc‘-ulting nlccrntioii'- 
lm\c pcrvibti'd up to the present time. The patient ftnU-p tliat hiv knees luue hcea 
"siitt” for nhoiit .sis roars, Uc had had Mwcrtil attacks of the “bends.’' 
lc};s tiad felt slighth jniintj for amni rc8r«. 


Both 
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AISSON disease presents a great variety of symptoms inliei'ent xiiwii 
the generalized pathology. However, tlie complications are snr- 
prisingl.v limited chiefly to the hones and joints. Onr presentation of 
a ease of caisson disease complicated hy leg nlcers is prompted following 
a careful search of the literature which failed to reveal tliis complication. 

Caisson disease cla.ssified in various texts’'- under the heading of 
high barometric pressure is also known as: aeropathy; compressed-air 
illness; divei’s’ paral.vsis; divers’ palsy; the bends. The present war 
makes this disease of particular interest because of its association Avifh 
deep-sea diving, bridge building and otlier related work. It is also of 
importance because tlie knowledge obtained in studying this disease 
has been of inestimable value in aviation medicine. Exposures to liigii 
pressure occur in bell, caisson, diving suits, and tunnels. 

Tile pathologic pli.ysiology is extremely interesting. It must be re- 
membered that the disease is not attributable to anoxia as supposed hy 
those unfamiliar with this entity, but is the result of the return from 
high atmospheric pressure. In other words, high pressures are well 
tolerated but the ill effects are evidenced when the individual returns to 
atmospheric pressure. ^Vhen this occuis, the nitrogen, which had been 
forced into solution in the plasma and tissues, vnll be released. Under 


increased pressure, the component gases of tlie air go into fluid solution 
after passing from the pulmonary alveoli to the circulation. This 
.solution is in direct proportion to the partial pressures (Dalton’s Law) 
of the air’s components, nitrogen and oxygen. The two gases must be 


distinguished because nitrogen is an inert gas which is not utilized by 
the body and tends to free it.self when the external ])rc.ssure is lowered. 
On the other hand, oxygen is readily utilized by the hemoglogin and 
body tissues. Of further importance is the fact that niti'ogcn is not 
absorbed equally by the various tissues. Consequently, the degree of 
nressure and the time it is exerted determine the amount of nitrogcfj 
absorbed by the individual tissues. The same applies to the .snlKseqiient 
imverin"' of pressure when the nitrogen is eventually expelled in the 
1 li ” Tiskies which have a comparatively poor blood .supj)l.v are 
, ^ ‘ 1., their absorption of nitrogen, but when saturated, lake nj. 
tveZr amounts than well-vascularized tissue. Pat absorlxs five tunc.s 

for pumtention, Feb. W. 
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in the civcnlation. ” In this author's large experience the only entane- 
ons manifestations noted were “pruritus, erythema, purplish mottling 
and blotching.” This oceui’rcd in only 20 of the 300 eases. IMost ob- 
servers agree that skin manifestations are early or impending signs 
of caisson disease. By analogy, one might expect .skin ideeration for 
the same reason that damage to the central nervous system with paraly- 
sis results from jiressure necrosis. We cannot account for the appar- 
ent rarity (no reports in the literature) of skin breakdown and ulcer 
formation except by the fact that the skin is elastic and pliable. In 
diseiLssing the complications of caisson disease, Thorne notes that “the 
complications of caisson disease are limited to the bones and .ioints. The 
s\Tnptoms of onset are insidious and are delayed from six months to a 
year or more following repeated attacks of the disease.” 

A consideration of the differential diagnosis is pertinent in this dis- 
cussion. Varicose and arteriosclerotic ulcers are definitely ruled out 
by the aforementioned findings. Against the type of multiple ulcera- 
tions seen in erythrocyanosis frigida is the absence of evidence of 
vasospastic phenomena and the patient’s sex. The question arises as 
to whether tlie ulcers are of the postplilebitic variety. This diagnosis 
is not tenable in the absence of a hi.story suggestive of previous phle- 
bitis, the painless character of the ulcens, the ab.sence of straight hard 
palpable veins, the ab-sence of induration and dermatophytosis. 

SLEMMARY 

A case of chronic log ulcers as a complication of cai.sson disease is 
described. This complication is not mentioned in the literature and 
must be considered as an e.xceptionally rare finding. 
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I);s('c.v.nI().v 

Till' )i>rnin(i(>n m' iilcci-s is pnifmMy nttriiMifiilili* to i'cclu'iniii. 
{{(■Iitiko’s iiivi stiu'iilioiis slidWoW that tra>; hiihiiios roiild Iio seen only in 
(he vivssois. [[(• sljito.>. ‘'Siipiiortinsr tlic vasonlnf isciiciiiia oricriii of 
liotifK is till' fact that apiWiciilioii «f jircssurr jiroiiipfiy relieves syniji- 
toms. Tills response niiiriif not he ;uilieij>ate(? were tiie injury chte to 
exiravaseiilar hnlil'le formation wluVIi wonhl irn[>Iy eellnlar (iestriie- 
tion/’ The only reference to skin manifestations in the literature is’ that 
of 3Iellincrhoff.* Jfis patient was afhnitted with evidence of pei-i/dieral 
circulatory eollajise ainl some .syni{>tonis of the “chokes." Most in- 
toresfinfr «'as the “niarhle” ajipearancc of the e.\f remit ie.s in irhieh the 
pale hlne areas of skin turned to a dark hliie eolor. The niarmorafion 
of the skin wa.s aeeeninafed on eoin'liimr (Valsalva Icstl. These hlue 
.s;)ots iiad .sharj) outlines, ^larinoration disappeared in a few days and 
no residual -siirns remained. The nutimr e.xplains the marmoration by 
flic eapiliary stasis due to the inereasinsr size of nitrogen bubbles which 
block enpilhirics. Tlie stasis in the capinavics clears up when the nitro- 
jron is cariaed iiway. The marniorafioii is aiiparcntly more marked with 
iieriphoval eirculatory collaiwc and this stasis starts a vieions cycle 
wilii added eirculatory oollapsc duo to stasis. It is surprising to me 
tint with the.se marmoiiition jdienomcna, in the more acute cases, more 
instances of lirciikdown in the skin do not occur. In my case, the 
■ l' hilif'' of local thrombosis and o.xfrava.sation of blood into the 
d nci"hboring tissues may be the cause of the .subsequent ulcera- 
.skm an ^ study based on 300 eases, made the observation 

i. 4 i' •umenraiicc of mottling and Wotehing with subcutaneous 
that ‘Inc >11 ‘ ‘ , evidence denoting large amounts of free gas 
hemorrhages is iuiuici 
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devitalized tissue remains following sac closure. As stated earlier, tlie 
use of the Purniss clamp in hernioplasty will reduce the operative time 
by several minutes and converts an oftentimes troublesome technical 
and retractive labor into an incidental step of the operative procedure. 



riff 1 — Kui nis‘N-Clute clamp applied, mtli needle in place and amputation of hemial 

«ac in progres*: 

SCMMAUY 

A new, simple, rapid, and positive method for hernial .sac closure 
is outlined employing the Furnlss clamp, originally advocated for in- 
testinal anastomosis, wlncli will prove its value to the surgeon following 
a single trial. 


Erratum 

On pane SI 10 of tlie June, liM.t, is-up in the article “Kcscction of the Colon in 
St\ Caves of llirschs[)riin{;\ lUseasc" hj Louise Yearell, Af.D., anti 11. Glenn Bell, 
-M.I), San rrnneisco, Cnlif., the ilosase nieiilionetl at the cnil of the fifth line 
vhiinUl renil “s\ntroi>au il.O.'i Um. twice atlay. ” 



A NKW SIMI'l.K AMI MKTHol) Fol! IfHUXfAI. SAf 

l.l<;A 7 /n.V 

.1.:,. M.l>.. M.S.,* UuA-u n. Samson. M.D.f 
I'll lslir!:.tM, f’A. 

- /•.v.-i n, ,.f 

'T’ftK Viui.MN ao.l tuH.iifi.-jtiioii-s op-rations f„r thr n-pair 

A of h. rnia IIIV uritially limit!,-;, am! it alnifr-t hyomi tin' 

i.idti. of po..,sit.ility p .„T,.r ;.i,o!to-r uonl-l l»- n-holly'ori-iiial. 

Ilou, it is not onr pnrp.,-,.. f„ a.lrooat,- fitiotlirr nn’thod of licr- 
nionliJiphy. Inti itnii v.l t,, otTi-r an nri^iiiai simple and rajiid piMccdurr. 
tipplit-alpli- to all, uiiii'ii will tidm-i- the time of hernial s;ic liL'alion from 
minutes to a im-re matter of seeomK. 


S’otne two yeivrs atto Uoherl I). .Mansliehif ;ind on<> of ns (I?. L. ) 
expel inieiited aith sio'eral oritritml methods in order to efii’et hoi'tiitil 
s;ie elostire hoth more (piieldy and easily. Sevc'ral mctfinds were 
develojied ami though seemiimly of valni'. nolle di'iiioiisl rail'd the ifc.sireii 
attrif'utes ol simplieit.v, speed, and positive (’Insure in every iiistaiiee. 
'I'he present idea. thont;h eotieeived al that lime, was later jmt in use 
and proved so nnmr.int'l.v sim|ile. rapid, and ahsointe tliat we are irjiort- 
inii oiir e.xperieiiee. 


'I’he hernial .sac is e.xposed in the eonventional way and the redniidanf 
tissiu’ e.Ntraeled so that the iieeU is well isolated. 7’lte sae is then 
nmintaiiied under tension aiul a Kumiss elamii ajiiilied across the point 
of (h'.sired liyalion ( h'it:. 1 ). A'isioii Avithiii llie sae is necessarily niaiii- 
taiiied .so that no intestinal looj) or omental lai: is eauirlil in the jaws of 
the elaiiiji. After the elamji is closed and t ijrlil ened, a needle tiireaded 
with tli(> .sninro (No. S .spool cotton in our work) is inserted Iietwccii the 
jaws of the elainp and certainty is made that the iionllc pcnciviites the 
entire hreadtli of the now eorrnirated Jieriiial sae. It is importimt that 
tension he iiiaintaiiied on the rednndaiK sae until the needle is in plaee. 
'I'lie distal povt'wn of tlie .sne i.s now excised with a .scalpel, liic clamp 
removed, tnid tlie snlnre jnillcd into jiosilioti and tied. Tliis will eft’eef 
•i verv tipdit iiiir.s’e-.slriiig closure of any peritoneal sac irrespective of its 
fn'diitv'^atid widtli jirovidcd it can be placed within the jaws of the 
l-’urniss elamp. Also, it is to be noted that only a negligible amount of 
tissue rcnmiiis above the point of ligation so that only a minimum of 
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or sulfonamide-derivative I’adieal. The amino gron[) must he in the 
para positiou. The solubilities of the various compounds are clinically 
important and arc as follows for water at 37.0° C. in milligrams per 
100 cubic centimeters: sulfanilamide 1,400, sulfapyridine 49.5, sul- 
fathiazole 94, and sulfadiazine 12.3.” The .sodium salts of sulfathiazole 
a!id sulfadiazine are soluble up to 5 per cent and are suitable for in- 
travenous administration wlicn dissolved in sterile distilled watei'. The 
solubility of sulfanilamide and sulfapyridine is the same in urine as in 
water, but sulfathiazole is soluble up to 230 mg. per 100 c.e., and 
sulfadiazine up to 60 mg. per 100 c.e., particularly if the urine is 
•slightly alkaline. Acetylsulfadiazine is even more soluble than sul- 
fadiazine in urine. 

The sulfonamide drugs arc harmless to the body tissues in therapeutic 
doses, but bacteriostatic to the organisms against which they are effec- 
tive, thereby distinguishing them as chemotherapeutic agents. They 
are absorbed readily by any channel, the peak of intestinal absorption 
being at four to si.v hours. Sulfadiazine is absorbed more readily and 
constantly than sulfathiazole, permitting an easier control of an effec- 
tive blond concentration. Following absorption these drugs remain in 
the blood for a variable lime depending upon the rate of absorption, 
the degree of acetylation, and the rate of e.vcretion. Again, sulfadiazine 
is e.vcrctcd le.ss rai)idly than sulfathiazole. Sulfapyridine is absorbed 
and e.\ci’cted erratically. Large doses of these drugs, particularly sul- 
fanilamide. lead to methemoglobinemia with a lowering of the oxygen 
saturation of the blood, but sulfanilamide is the only one producing 
acidosis. x\ll of them have some direct antipyretic effect which is most 
marked with sulfapyridine. The.se drug.s. once absorbed, are di.stributed 
relatively uniformly in all body tis.sucs. the concentration being lowest 
in the .skin, brain, hone, and fat, .Sulfathiazole yields a low eoncenti’a- 
tion in normal spinal fluid but filters readily through inflamed meninges. 

It is well recognized that sulfathiazole and .sulfadiazine are much 
more soluble in biologic fluids than in water. The hydrogen-ion con- 
centration of blood is 7.5, and at this concentration sulfathiazole is 83.4 
per cent ionized in the form of .salt, and sulfadiazine 92.9 per cent. 
Sulfathiazole and sulfadiazine are. therefore, probably transported in 
the blood chietly in the form of sodium salts.” 

A physiologic attempt at <leto.\ifieation occurs by acetylation of the 
parn-amino group, probably in the liver. The acetyl comi)ounds are 
therapeutically inactive. .Acetylation is greate.st for sulfapyridine (45 
to 75 iM'V cent), le.ss for sulfanilamidi' and sulfathiazole (10 to 30 jier 
eeiiti, and least for .sulfadiazine ((• to 20 per cent). The acetyl salts 
of s:dfapyridine and sulfathiazole are in.solublc in urine, and their 
I'veeipitation in the urinary tract may lead to hematuria, renal eon- 
eretions. or anuria. .Acetylsulfadiazine is more soluble than sulfadiazine, 
and urinary complications are less likely to occur from the acetylation 
of this drug. Forcing Uuids and maintaining the urinary output at 
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Al.uioi nil tin- <^itlrctitiini<lo i-roup of ilnitrs lui'.- iiccn iviiown to 
oi-o.idif for ,n„r.- lli;iii lliiriy yr.irs. it fii-^t arliicvci] 

flidii'.il iinportaiicr in I!).'!,*, tvlicft Ihitmtisk' .sluiuc<i i‘.vjif‘niri('ntallr 
Ifial |>l'oiitosi| uas I'fit'cli^'r in ••oiiihaliiii,' slrc|ilociiri'a) in feel ions' in mice. 
Siiivr iiuifo tliaii l.tttid snltonaiitiiJr t'oinixninth Inivc hern studied 

iitit li'U (it tlicM* /lat'c ctidiifod rlinionlly. It was soon disrovorod that 
Mdlanilaniido was not ('fic('tiv«' in ti'catini; stajiliylia-occal and pneu- 
iiiocorcal inircl ions, and losisircli with tiirso oroanisnis' )(‘d to the dc- 
v('Io(it(i(‘n( ot .sitit.'ip.v/'idirn-. in Ih.’lS. hy Whilliy,- and of its inoro soluble 
soiliutn salt, in l!t.'!!l. liy .MaiNliail and l.oinr.' Freijm'iitly, sulfa pyridine 
lU'odiici'd naiisoa and voniitinsr, ajid it jiroved no more effective asninst 
staphylocoecal and (Uieuiiioeoeeal infections than sulfathiazoie, which 
was introduced a year later liy I'osliinder and Walter/ and hy Lott and 
I’eri'eitii.' In L'l-KI. llolilin, Williains. Winnie):, atid I'binlisii’' jiresented 
sulfadiiizine as a still less toxic and eiiually active driiir in coinhafinjr 
pneumococcal, st relit ococcal. stajihylococcal. and Friedlander oriranisni.s. 
.Sulfadiazine lias /iroveii to he tlie dru" of choice for systeinic administi'a- 
tion auainst lliese oriranisms.' In lb-10. 3IarslialI and co-workei's' offered 
sulfauuaniiline in an effort to iiroduce intestinal antiseiisis, and' now this 
drtnr is heinjr .su|)[)lanled for this finrpose hy siiccinylsulfathiazolc 
(or sulfasiixidine) followintr recent studio.s of Path and Piror.'* That 
sulfanilamide is hoth safe and effective wlien introduced locally into 
wounds was deinonstratetl. in liy Jensen. Johnsrud, and NeLson,’'’ 

wlio emidoyed the drtiiir in the inanauonient of compound fractures in 
civilians. 

('honistrn «ad PJitirmarolf/t/i/. — .MI of tJio snlfonaniide drugs are 
vhite odorless, and nearly tas(elcs.s. The sodium salts are soluble, al- 
'' '. ’ /j,vdrogen-ion concentration 8 to 10), and unstable to heat. 

*' 1 - cent solution of .sodium .sulfapyridine has a liydrogen-ion eon- 

(tne pet sodium sulfatbiazole 9.4, and sodium sulfadiazine 

Lentia’l chemical structure of the group is a benzene ring 
^ 7,1 le position with respect to the snlfonaniide 

willi an anniio g 
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•apid. This theory has been fnrthei coiTclated with Lockwood's observa- 
ions, for areas of tissue destruction and abscess formation are high in 
[)ara-amino-benzoic acid. Practically, the procaine anesthetics are de- 
rived from the para-amino-benzoic acid series and inhibit sulfonamides. 
Para-amino-benzoic acid may be added to culture media to promote bac- 
terial growth in the presence of sulfonamides. 

4. Oxidation Theory (Fox’® and Shaffer®") : In vivo the sulfonamides 
arc converted to active oxidation products, it is postulated, and, in fact, 
oxidation products of the sulfonamides are found in the urine, chiefly 
in the form of glueuronides and sulfates. Sulfonamide bacteriostasis 
rests upon the production of oxidizing conditions which serve to in- 
activate enzymes necessary for bacterial growth. This correlates with 
Mellon’s theory. However, the sulfonamides are effective in anaerobic 
media. 

To summarize, the action of sulfonamides is bacteriostatic, pre- 
venting overwhelming infections and pemitting the mobilization of 
natural tissue defenses to eradicate the bacteria and evoke recovery. 
It is a.ssumed that bacteriostasis rests upon the production of oxidizing 
conditions which inactivate an enzyme or enzyme-substrate necessary 
for bacterial growth. Peptone and para-amino-benzoic acid are strong 
sulfonamide inhibitors. 

Drug Resistance . — It is recognized that certain organisms that ai’c 
usually aft'ceted greatly by sulfonamides are resistant to them. This 
resistance may be natural or acquired, and exists for all organisms 
susceptible to sulfonamide therapy. Clinically, drug resistance is ])ro- 
duecd most commonly by giving suboptimal doses of the drugs for a 
relatively long period. Once developed, the organism is resistant to all 
members of the sulfonamide group, and usually this resistance is per- 
manent. 

Dosage . — Optimum concentrations should be obtained rajjidl.v by a 
large initial dose, and this coneentratioii should be maintained for 
seventy-two hours. If the drug is effeetive, beneficial results .should be 
obtained by the third or fourth day at the late.st. The drug should be 
discontinued if inefl'ectivc. 

For practical purposes the initial oral dose is ai)i)roximatcly 0.10 
O’m. i)er kilogram of body weight for sulfanilamide, sulfathiazole, and 
sulfadiazine. The .suhsetiuent maintenance dose is approximatelv 0.10 
<>’m. i)er kilogram of body weight given orally in six divided doses at 
regular four-hour intervals. For the normal adult this amounts to an 
initial dose of 4 to G (tin., followed by 1 <im. orally eveiy four hours 
day and night. 

If oral medieation is interdicted, sodium .sulfathiazole or sodium 
sulfadiazine may be given intravenou.sly. The initial dose is a Cm, 
given as a ;> per cent solution in sterile distilled water. The subscciuent 
dady dose for sulfadiazine is 5 Gm., one-half of it to be given in the 
morning and one-half in the evening. For sulfathiazole, l^/, to 2 Gm. 
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‘if .tifina I’rii ll\ . the inmlf nt' ai'liuii of ilic siilfonainidcs is 
iiiil.iion II. In I'litiii'al •Iom’', ilia iji na'-. arc imcli i ioslatic. iiol liactcriocidai. 
I-Npci iiiicntally, p!iai,'o'n |, s aic not m caw.iry I'oi snlfoiiainidc aclion. 
Ii'it clini, ally jdiaooin tosis of itic iiiii-tciia is an iinpoitaiit feature 
in the livNiic iiuinnnitv nldcli is nltiinatclx lesponsililc for ilie ("radioa- 
tion ot the ofientiini: oi iianisiu",. The snlfonaniides have no diieel effect 
on li.ieieiial to\ins. liaetei io'.tasis appaieiilly resiills fioin an iiiter- 
Scieiice in h.ielerial cell iiiclaholisin or inaetivalioii of an enryinc-siih- 
sliate e^sl■ntial for hacteiial "tonth. The main theories of .snlfonaniidc 
action nun he snmmari/'ed as follons-. 

I, hill l.iriniil'\ I’l iiloHi Till iini'-''' : Peptones or split jirotein nitiomeii 
interfere with sulfonamide action. Sulfonamide combines with free amino 
nilioL’en of piolein dei.'iadali\e pioducl. iheK'by renderin': them tin- 
sitilahlc for li.icteiial utili/alioii. The clinical iiiifilication is clear. T/ie 
dnit:s ale inefl’eidive in the pre.sence of ]>us: peptone is a definite .sul- 
fonamide inhihilor, and alisecsses must he drained Mirirically. Xecrotic 
tivNue also is a sulfonamide-inhiliilor suhsiania’. 

2. .Vif/oa'.s /’(riiiiili-CaliilaM Tlifori/'" i t'atalase is an eiu\me nor- 
niall.v destroyin',' the hydrouen jieiovide liheialed h.v iiacleria. Sul- 
fonamides- act as an anticalalase, (icnniltinir accumulation of pero.side 
about cells and bacteria. The hi'jh concent rat ion of pero.xide produces 
bacteriostasis. Appaiently. the tissuc.s convert sulfonamide into anli- 
ealalase. The sulfonamides, however, are effective amiinst .some non- 
pero.xide-forminf: bacteria. 

.‘I. Piira-Amino-Hcnziiii Acid Tlirorif: Stamj)’- and Woods’® found 
a para-amino com[)ound of low molecular wciirht was necessary for the 
I'rowth of many bacteria. Because of a close identity to sulfonamide 
Biev postulated it to be iiara-amino-benzoic acid. In rifro and in vivo 
ira-nmino-benzoic acid is a strong sulfonamide inhibitor, but it has not 
been isolated from growing bacteria. The “competitive enzyme” theory 

. evolved. Sulfonamide and para-amino-benzoic acid compete 
has iceu cnz.vme substrate system essential for bacterial multi- 
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Local Use . — The mere instillation of one of the •‘wonder drugs’ 
into a wound may lull the thoughtless surgeon into a careless com- 
placency, and deter him from the observance of other fundamental 
principles essential to kindly healing in a contaminated wound. It must 
be emphasized at the outset that the local use of sulfonamide in wounds 
is only one of the present-day adjuncts in tiie prevention and treat- 
ment of infection in contaminated wounds. The vast and recent ex- 
periences of the numerous surgeons who have clarified the concepts 
underlying the management of contaminated wounds have been ad- 
mirably discussed and summarized by \Vhipple in a recent mono- 
grap!i.=^^ Briefly, lYhipplc states that the local factors governing wound 
healing are; (1) amount of necrotic or devitalized tissue present, (2) 
local blood supply, (3) amount and character of exudate in the wound 
spaces, (4) number and virulence of infecting organisms, and (5) 
number and character of foreign bodies. Systemic conditions as (1) 
age of tissues, (2) hydration of tissues, (3) normal tissue protein, (4) 
projjer vitamin balance, especially of vitamin C, and (5) general cii'- 
culation and blood picture also influence wound healing. Surgical 
methods aid wound healing by preventing infection, utilizing the tech- 
niriucs of debridement, instillation of sulfonamides locally both before 
and after debridement, providing adequate drainage for infected wounds 
(.Bvv-Tvueta method), avoiding suturing of wounds under tension or 
the formation of "dead spaces.” and insuring adequate immobilization 
tind rest of damaged parts. Chemotherapy, debridement, closed plaster 
method of Orr and Trueta, blood transfusions, vitamins, plasma, and 
proper fluid balance are all e.ssential to kindly healing of wounds. 

The sulfonamide drugs are valuable aids when ])roj)erly employed 
in the nianagement of contaminanted or infected wounds. In civilian 
practice an increasing number of contaminated or compound wounds 
may be closed successfully per i)rimam after the local use of sulfona- 
mides, but war wounds must still be permitted to close by secondary in- 
tention in the ma.ioritY of instances, with the pos.sible exceptions of open 
wounds of the abdomen, chest, hand, or brain. Aside from the fact 
that more serum may ap])ear in wounds and that healing may he .slightly 
retarded, it has been reimatediy demonstrated that sulfonamides are 
harmless in the healing of tis.sue.s whether implanted in compound frac- 
tures. burns, or iieritoneal. pleural, or cranial cavities. According to 
recent leports, sulfathiazole may jiroduce convulsions when applied 
to the brain.-* 

The factors influencing sulfonamide action arc (1) cojicentratiou 
of the drug, (2) concentration and virulence of the offending organ- 
isms, (3) amount of sidfouamide-inhibitor suhstunee. and (4) die local 
blood .supply. The solubilities of the various sulfonamides in tissue 
fluid or plasma at 37° (’. are apimiximately as follow.s-'; sulfanilamide 
l.tlTfl ing, per liter; sulfathiazole. 330 mg.; and sulfadiazine. IGl m-'. 
|H'r liter. The rationale for the local ii.se of sulfonamides rests upon the 
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7 ora i/n.- -■ 1 oxii- synipfonis t‘inin siiifonainiili; tni’ilicalion afa not ini- 
I'lnnnion, ami ona siioiilii aioiii oivinL' a siiltViiamiiilc to a jiativnt known 
to li" saiisitivr to tiiis ofonp n) .stioions toxii- nianil'a.station.s an* 

inffi'ipioiit ill till- avi'iatn' pativnt wln-n a "ooil lluid intako and it daih’ 
minafv oxiMi'lion of more tliati lllflO c.r. aio niaintaincd. 

Siilfanilaniidc very fri'ipii'nlly jirodiici-s iiansra tind vomiting, vyano- 
,sis, dizzincs.s, lifadaidio. aiddosls. fevor. iind nisli. Ai:nimilot‘ytosis, 
iii'inniyiii' aiii'iniii. ii(‘|ialitis, and jaiiniiicr may oi'ciir, imt licmatuna 
and l•I■y^t^dlI|I•ia i/o not ap(»car. 

Suirutliiazolc is of low to.vicity, Imt lic'inniiifia. vrystaihiria, aiuiria, 
tifinan- tract slonc.s, fever, and dermatitis oeeiir and niiisl be anticipafed. 
Sulfadiazine is liie least toxie sulfonamide druji now availalilc. In 
ycueral, its eomplieations are simiiar init less freiiiienf titan with 
sulfatliiiizole. .Sueeinylsiilf.-itliiaznle is Itelicved to be nontoxie. 

It is advisable to stop tlie dru.tr and foree tiuid.s if aeidosis, aiiraiuilocy- 
tosis. liematnriii, iraslrointestinal di.stiirbanee.s', mentai dislin-banecs, 
fever, or rasli appettr. It is im(K'ralive to slop the clnitr with the oe- 
eiirreitee of amiriti, Iiemolyfie anemia, beitalili.s, leucopenin with 
oranuloeylopenia, or .ianndiee. 

Choirr of tsiilfonotnidc. — Sulfanilamide is used rarely because of its 
freipumt minor toxicity and limited rantro of effect iveness. Sulfatbia- 
zoie is of low toxicity tnid is liiiihiy ofleetive aoainsf slapli.vloeocci. 
piienmoeoeei. Itemolylie streptococci, "onoeoeci. NxcJicricJim coU. and 
,i^p„j„„(,eoeoi. It has tlie clisadvanfafrc of Iioing- alworbed and e.vcrefed 
• • -einiFarlv. mid, benee, it is more difficult to mainfain with siilfafbia- 
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the tissues. Accurate A\ound hemostasis prevents lavaging of the sul- 
fonamide from its seat of action, and permits adequate contact of tlie 
compounds with the contaminated tissues. It is necessary to repeat 
the local application of sulfonamide to the wound at each dressing 
until healing is complete. 

In orthopedic surgery the incidence of infection in compound frac- 
tures in civilians is reduced remarkably by tlie use of sulfonamides 
locally, and primary closure is permissible in many cases in which de- 
bridement is earned out within the golden period of six to eight hour’s 
following injury. Sulfonamide is used also in acute osteomyelitis to 
tide the patient over the initial period of to.xieity while localized ab- 
scesses are forming, but abscesses must be surgically drained.-® In 
chronic osteomyelitis occasionally primary skin closure may be per- 
mitted following radical excision of all involved bone and local “frost- 
ing” with sulfonamide. 

It has long been recognized that the necrotic or purulent material 
in wounds will nullify greatly the beneficial effects of sulfonamides in 
the wounds. Necrotic, contaminated, or purulent material is a strong 
sulfonamide-inliibitor, and these substances .should be reduced to a 
minimum in the wound by gentle iri’igation of the wound or by wet 
dressings. Recently, evidence has been offered to .suggest a potentiation 
of sulfonamide activity by the concurrent use of mild oxidizing agents, 
particularly of 1 :3,300 solution of azoehloramide."' Allantoin or urea 
has also been suggested as effective in combating the effects of the 
sulfonamide-inhibitor substances in pus or necrotic material.-* The 
entile field of sulfonamide potentiation has onl.v recently been sub- 
jected to scientific investigation and future developments may soon 
alter the princiiiles underlying the local application of .sulfonamides. 

(ias gangrene is best treated by initial debridement of the wound, 
application oi a mi.xture of sulfanilamide-sulfathiazole locally, full 
doses of sultadiazine b.v mouth, and the administration of antito.xin. 
If these measures fail, aminifafion may be necessary as a lifesaving 
luocedurc. X-iay theiapy is of dubious value and should not be used 
with the sulfonamides. 


For bums, innumerable dressings containing a sulfonamide have 
bieii suggested. A good sulfonamide dressing is 3 jier cent .sulfadia- 
zine 111 s ])er cent trietliaiiolamine,='‘ aiiplied hourly until a thin, pliable, 
elastic, and translucent esehar results. Sulfonamide in solid form or as 
wet diessmgs has been used to prepare aieas for early skin graftiu"-. 
.\in)lhet excellent teeliniciue for preparing an infected area for skin 
gniltinu IS to fiost it dail\ with a sulfanilamide-sulfathiazole mixture 
and then cover it with wet dressings of 1 ;3.3()0 azoehloramide. Poten- 
tnilion of the sulfonamide activitj ma\ thereby occur.=' 

Siiltonamide ajqdied loeallv into the jieriloiieal and other bndv 
cAMties IS biller, ci;d i,, pieveiitmn of infection after eontamination of 
tlKsc c.nii(cs has lesulted fiom disease or accident. Kitber sulfanila- 
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ithihty to produce it hruil <ismic coiu-eiH radon 50 lo 100 limes as high 
as can lie ohfained iiy syslcmic admiuisli'alion, and to hare it persist 
(ir a jio'iod ol hveiily-four to J'orty-eifcltl hours or longer while the 
nnphmtod dmig is heing nhsoi-hed. O'Jie cfreciiveness of local sulfonamide 
implanfalion has been oiiserved in the Irealment of compomid fraetures, 
conlaniinaled mnimls, hums, perilonilis, and olher affeefions. However, 
(he results are no! always Iirillianl and frepuenlly it seems the bacterial 
lulrctiori is merely delayed or attenuated. It must be remembered that 
the .siilfonatriides art" baeferiostatie in therapeutic (]ose.s, not bac- 
(oi’ioeidal, and tissue immunity is e.s.senlial for eradication of all or- 


Luniisms. 


The absorfidon of sulfonamide after local imjilantation i.s good, re- 
gardle.ss ol site, and it is usually complete in eight to twenty-four hours. 
High blood concentrations can bo obtained at that time. Sulfanilamide 
has a higher local solubility and greater dilliisibility in the tissues than 
sulfathiazolc, and creates ]e.ss c.vudntion of tissue fluids in the wound. 
At its upper iimils of solubility it seems to be as effective an anti- 
bacloriai agent as arc (he other sulfonamide compounds at tlieir peaks 
of local solubility for the majority of organisms ordinarily present in 
confamiimtod wounds. Sulfathiazolc is less soluble, tends to cake in the 
tissues, creates more foreign body reaction, and is absorbed over a 
twenty-four- to forty-eight-bour period or longer. But, since snl- 
fathiazole is eft'ceth'e against a wider variety of organisms and remains 
longer locally, many surgeons consider it advisable to implant a mixture 
of c(iual parts of sulfanilamide-sulfathiazole for local use, using, if 
available, the nucroerystals of sulfatliiazole which are more soluble. 
Sulfadiazine Ims heen shown to he eftectivc on local application, but it 
has a low solubility. Because of the vapid local absorption of these 
drmgs, it is im])ortaat to admini-sler a sulfonamide in full doses by 
mouth or paventerally, and for this sulfadiazine is the drug of choice, 
regardless of the ofibncling oiganism. The administration of sulfadiazine 
should be continued in full doses for seven to ten days. 

In an effort at prophylaxis of wound infection, partieularl.v if defini- 
tive surgical treatment of the contaminated wound must he delayed 
for several hours or longer, immediate local implantation of sulfanila- 
mide or a mixture of equal parts of sulfanilamide-siilfatliiazole sbonld 
be carried out. A prophylactic oral or parenteral dose of sulfadiazine 
i.s well administered simultaneously. The usual initial dose of sul- 
fadiazine is 4 the sub-sequent maintenance dose is 1 (tm. 

' „,,v six hours, day and night. 

. „ „ , — , — ^ . .........r.-.-.'mofn?.- n tn nm. 


a„,.-j<re of sulfonamide for local use is ajijiroximately O.IO Gm. 

me em-'o /-!_ ivnuiirlc TVtm'C 


^ ro inch. Up to 20 Gm. may be instilled into larger wounds. IMove 
persqna instilled if the wound is left open. Praetically- 


An mar be instilled it tiic wound is leit open, j luei.u.iiv . 
sulfonanuoc ‘Hvosted” or ‘'sprinkled ” with a thin uniform 

the woliiie 1’ mide” It is important that the sulfonamide bo distributed 
fllmof sul ona -wound, and not thought los.sly poured into 

evenly and mnfoindj 
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to sulfathiazole or sulfacliaziiie, sulfathiazole possibly being preferable 
for coagulase positive staphylococci. P. vulgaris and Str. fecalis re- 
spond poorly to sulfanilamide, and only moderately to full doses of 
sulfathiazole or sulfadiazine. Sulfathiazole or sulfadiazine in doses 
of 3 to 6 Gm. daily yields in the urine a concentration of 20 to 75 mg. 
per 100 c.e. This dosage is sufficient to inhibit the growth of most 
organisms commonly present in urinary tract infections whether one is 
dealing with a cystitis or pyelonephritis. Any obstruction to the free 
flow of urine must be removed, for stasis predisposes to and aggravates 
any infection of the urinary tract. Urinary diuresis in itself is of value 
in the treatment of urinary tract infections, and decreases the incidence 
of renal complications from sulfonamide therapy. Fluids should be 
forced to at least 3000 c.c. daily, and a daily output of more than 1000 
c.e. must be maintained. Alkalinization of the urine by oral bicar- 
bonate or sodium citrate is advisable. Also, sulfonamides in smaller 
doses are used prophylactically prior to instrumentation of the urinary 
tract and post operatively for an inlying catheter. 

The sulfonamide effect is one of bactcriostasis, and tissue immunity 
evokes final recovery. Chronic infections witi)out demonstrable obstruc- 
tion are difficult to cure by any drug. 

Intestinal Antisepsis . — Sulfaguanidine was developed in an attempt 
to reduce the number of ))actcria in the colon preceding opei-ations upon 
the gastrointestinal tract. This drug reduced the coliform count in 
the stool to a great extent, but it proved to be absorbed irregularly, 
occasionally was toxic, and was inactive in the presence of ulcerative 
lesions of the intestines. Ruocinylsulfathiazole (sulfasuxidine) was in- 
troduced later by Poth and Knotts,^' Fivor,’'^ and Poth,“* and from the 
clinical and experimental studies reported this dmg appears to be 
exceedingly jn'ornising as an intc.stinal anti.septic. It is strongly bae- 
leriostatie, absorbed i)oorly, nontoxie, and is effective in the presence 
of ulcerative lesions of the bowel. At most .5 per cent of the drug is 
excreted in the urine, and because of its ra])id excretion and relatively 
high solubility (450 mg. per cent) renal complications have not been 
encountered. 

The initial dose is 0.25 (im. iier kilogram of body weight, and the 
subseciuenl daily dose is 0.25 (im. per kilogram given in six divided 
doses. Larger doses are tolerated if given at hourly intervals, and up 
to 0.5 (im. ]mr kilogram i)cr day may be given with safety. In one 
to seven days the stools become .semifhnd, odorlo.ss, more mucoid and 
reduced in hulk. The count of colon bacilli falls from 10,000,000 per 
mam of wet stool to approximately 1000 per gram of wot stool. The 
mechanism of action is similar to that of other .sulfonamides, and (he 
active suhstaiice is probably sulfathiazole, formed by liydr'olysis hv 
haetenal cells i,, the large bowel. Tlie eoneentration of sulfathiazole in 
the ie<-es with clinical dy.se.s is 50 to 200 mg. jicr cent. To he clt'cclive 
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niifjc Of !1 iTMxfUfo of .snlf«niljij;)i(]c..sii)f;ij|ii.-iwle may he used. Ah- 
soijilion i.s p<i) f ifiiljifly rapid from llie j)erifoiieal eavilv aud .svslemic 
adminisl ration of (!„. dru-r, preferahly .sulfadiazine, is imperative. 

.Sodium sulfapyridiiie is .so alkaline (pll 10.6) that it must never 
)o used for loeal iiujdanlation. Ti.ssue necrosis ivith subsequent slongli- 
ing iias eonimonty ensued. KoeenI exiieriinenlal and clinical studies 
on the local use of the .sodium .s-alls of snlfathiazole and sulfadiazine” 
seem to indicate that these salts, especially the sodium sulfadiazine, 
may he safel.v im])Ianted in the subeutaneon.s or intramu.scnlar tissnes. 

I he pll of a concentrated .solution of sodium sulfadiazine (over 5 per 
cent) is t).4, ol .sodium sulfathiazoie 9.S. The local ajiplication of the 
sodium salts ot sulfathiazoie and espcciall.v of sulfadiazine is an advance 
which would obviate the insolubility and enking of these drng.s in the 
wound aud would permit the far greater antibacterial potency of these 
two drugs over sulfanilamide. At present, however, insufficient evidence 
exists to warrant the iutvajieritoncal lusc of any of the sodium salts, 
and the.v should be used with caution in the wounds of soft tissues. 

Perrin Ijong, in a recent article, summarizes well the present status 
of loeal sulfonamide therai)y. In his opinion a combination of systemic 
with loeal therapy offers the best chance for prevention of wound in- 
fection aud for its cure once an infection has become established. He 
recommends .sulfadiazine Iiy mouth in doses high enough to maintain 
a blood concentration of 4 to 7 mg. per 100 c.c. as the most desirable 
drug for systemic administration; .sulfanilamide alone is recommended 
for local use. “Prom all points of view, sulfanilamide seems at the 
present time to be the drug of choice for topical application. It is to be 
remembered that necrotic tissue and pus contain sulfonamide inhibitors 
and that every effort should be made to eiimwote these i 2 ihibitors before 
sulfanilamide is applied locally. Care slionld always he taken to pre- 
vent the caking of sulfanilamide in the wound, and this can be accom- 
plished by applying moist gauze dressings following the application 
of sulfanilamide to the wound. In the absence of clinical infection, 
there is little reason to continue oral thei'ap.^' with sulfadiazine more 
than five to seven day.s. However, to prevent secondary infections from 
occui’ring after primary prophylaxis has been successful, it is neces- 
saiy to apply sulfanilamide powder locally until wound healing is 
complete.” No one disputes the effectiveness of sulfanilamide for local 
use in contaminated wounds, but many surgeons prefer a mixture of 
snlfanilamide-sulfathiazole in equal parts, for reasons already ex- 

djmri/ Tract . — The common offending organisms in infections of 
•’mrv tract are Esch. coli, Aerohacter acrogencs, staph.vlococei, 
the nil ‘ . 1 fccalis. Infections with the streptococci of 

profci/s p jp A, which are responsible for serious streptococcal 
Laiicefie ^ extremely rare in the urinary tract. Tlic or- 


infections in man^ staphylococcal group are very susceptible 


gainsms 


of the 
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intraperitoneal use is still counseled against. Suceinylsulfathiazole (sul- 
fasu.\'idine) at the moment is the best drug for intestinal antisepsis. 
The sulfonamides are merely desirable surgical adjuncts and one must 
never fail to recognize the importance of well-established surgical prin- 
ciples. The sulfonamides are dangerous therapeutic weapons; their 
toxicity must be anticipated and toxic symptoms treated vigorously if 
they occur. 

The author wishes to express his gratitude to F. L. Reichert. W. C. Cutting, and 
J. P. Monke for tlieir assi.stanee in tlie preparation of this paper. 
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fill’ iiin.sl fonif pwhmficd hitiimtta coiitnct with nil portions 
of till' bowel imieosa. 

Tlie net ion of tiio <lni»: is imj.nired npprodni)!y by dinrrlien, con- 
Nlipiition with inspissated stools, jind tlie simiiltnncoiis use of lif(iiicl 
j)etroln1nni or oilier entbnrties. Ijniwr doses arc ref(uired in the pres- 
ence of ulcerative lesions, but the drug remains effective. The proper 
jneojieralive prejiaration consists in the omission of enema.s, cathartics, 
and iietrolatiim. A non residual diet is advi.sable. Full doses of the 
drug should be adniinistereil, and the ojitimum time for surgery may 
be judged by bacterial counts on the stool or by observations of the 
character ol the stool. Since the drug is well tolerated, with little 
nausea and vomiting, it may be given postoperatively as soon as the 
jiatient takes water. Breaking the tablets up and dissolving them in 
water facilitates administration. In practice, the drug has failed only 
in the jirc.sence of severe diarrhea or of a blind loop obstruction. 

Jt must be emphasized that sucein.vlsulfathiazole is merely an ad- 
junct to surgery of the gastrointestinal tract, and should never permit 
one to nullify the observance of well-established surgical principles in 
the pro- and postoiicrative care. Experience with this drug is still 
limited. However, it is not effective in combating ty])hoid, paratyphoid, 
Sfr. fccalis, or the protons group of organisms. 

.SUMJI.VKY 

The sulfonamide drugs are powerful chemotherapeutic agents, spe- 
cific ill their action on certain organisms and without effect on others. 
Those organisms not afteetod may be resistant naturally, or they may 
have an acquired resistance. Their mode of action is not known ac- 
curately, but it is jirobable tliat bacteriostasis rests upon the inactiva- 
tion of an enzyme oi' enzyme-substi’ate system necessary for bacterial 
growth. The main theories of the mode of action have been presented. 
Peptone, para-amino-henzoic acid, necrotic tissue, and certain bacterial 
and veast extracts inhibit the bacteriostatic action of these drugs. The 
sulfonamides are essentially bacteriostatic not bacteriocidal, and the 
natui’al defense mechanisms of the body have to complete the de- 
struction of the bacteria. Sulfonamides inhibit bacterial growth, and 
nrevent overwbelming intoxication by bacterial infection but tissue im- 
munity must be mobilized to realize complete recovery. 

Sulfathiazole is regarded as the drug of choice for staphylococcal 
• s hut elinieall.y, it is probably no more effective than sul- 

\vluch is slightly less toxic. For all other infections which 
fadiazme, sulfonamides, sulfadiazine is the drug of choice, 

are suseep „pa,ni(le or a jnLxture of sulfanilamide and sulfathia- 

to, " “““"^,, 3 , site of tool impIan.«io„. Tlw loci 

zole is the > ^jjie and sodium sulfathiazole for soft tissue 

use of sodium s ^ ^ ^ consideration of recent studies, but their 

wounds seems warianie 





Book Reviews 


Physiology in Aviation. ChiilmiTs 1. Opinmill, BS, JfD, Commander, C, 
U. S i\ 1!, Assoditc Professor in Plnuologi, .lolmq IIopKins Unnersih, School 
of Medium', Biilfimou', AM, Iniirmfoi in P!l^sloJog^, .School of Medicine, X.nal 
Air Sfntion, Pcnsii ola. Pin Pp Ml, ,uili ig t-iMp.; .SiinnMield, 111, JW, 
('Imrh". C Thoina'., Piihlmher. M 


This hook h\ CicmtniII m a iirimei on (he mihjei t colored In its title, although 
hriof, it IS not Migiie ami rofloots its iiullior’s %aluaWe to.iclu’ng ovpenence The 
profiKc slates it to he ni'ifen.il colored in the lectures on plnsiologi m the School 
of Aiiation Aledn me, A'ai.il Air .St.ilion, Pens.icola, Fin It nould seem to he 
an excellent guide for nicdic.il jiersoniiel iilio give instruction to aviators on the 
phi siolog-ic distiirhames emonnfered in flight 


The Management of Fractures, Dislocations, and Sprains .Tohn Vlheit Kei, 
All), and H. I aile Connell, Al D , P A C .S Bd 1 .St Louis, 1042 The 
G. I' Afosh^ Compani ^IJJO 

The lien third edition of this book contains 1,300 pages with m.mi dhistiations, 
photographs, and locntgcnogi.ims Since the publication of the first edition in 
1014, this book lepiesents the best in its field published bj Amenean authors, and 
IS not oiershadoned bi ani book in an.i language 

Along nith reusion of the chaptci on compound fractures, a section also has been 
added on nai noimds This nen featiiie mil be both attiactne and henefici.al 
to men who mil be c.illed upon to tieat patients in the aimed foices 

The chapters on fiactures of the spine, liip, humerus, and foot haxe been reused 
to some extent. 

AYith the adxent of «ar, manj trained men haie been and are being called 
into the seixiees This leaxes more untrained men at home to care for the ciuhan 
population It seems that a more thoiough description of the technique of manipu 
lation and operatixe tic.itmcnt of fiactures might be of gieat benefit to tliese men 
Not onlj haxe the authois considered the management of acute injuries, but 
thex haxe, in manj instances, discussed and outlined the treatment of old mjuues 
requiring reconstructive surgerj Manj photographs and xiajs haxe been included 
to elucidate better the diagnosis, treatment, and end result in a xariotj of ca«es 
This book should be in the hands of .all men xvho aie doing fiactuie ixoik todaj 
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Table H 


jriLLEE-ABBOTT InTCBATION 
iLEOCOLECTOMIES 

1938 TO 19i2* 



1 

P 0. 

DEATHS ' 

1 

MORTALITY 

I 

WTTII M.-A, TUBE! 

WITHOUT AI.-A. TUBE 

irXOCOLECTOXtrES 1 

NO 1 

CASES 1 j 

evsEs 1 


57 

7 

■ 12 3 

41 4 

16 3 


29 

4 

13.S 

18 1 

11 3 


80 

11 

12.S 

59 5 (8 5%) 

27 0 (22.8%) 


Post operate e deatlis Bitli tlie Miller- Abbott Talie; 

3, Patient did well nith tube in stoniacli; died 7 dais after tlie tube was renioved 
of general pentonitis. i Other.) 

2. Patient died of pneumonia; tube rcnioied 24 hours before death, after colostouij 

was opened. 

3. Tube well down and functioning well; Leiine tube iieces^ari. 

4. Peritonitis, auricular fibrillation Patient died 19 da\s postoperatiiely; first 

intubation successful, second intubation 15 dajs postoperatnely unsuccessful. 

5. Patient died of cnibolu*- when getting up the first time. 

•or Sfi neocolectomics. .71 or OS (1 per cent of the patient's had tlio Mdlcr-Ahhott 
Intubitloii pnot to operation In att but ft'c of tlieco, tlie tube pass-sed bc>ond the 
vtom icii 

f)f slilch Ihrowgh iterUoneum and submucosal latcis. This is iav move 
tmiioi latil titan clumsy attempts at suturing the crushed mucosae. In 
fact, in the many techniques described for so-called aseptic anastomosis, 
tile mucosal sfitch is never used, and reliance is placed solely on the 
sctomuscular matticss sutures Thud, and most important, is to pre- 
Ncut tension on the suture line with its accompanying tissue necrosis, 
i)y keeping the piosimal segment of bowel empty of gas and feeal con- 
tent If the how cl provimal to the anastomosis is empty, if the blood 
stipjih to the vonc o1 anastomosis is adeiiuate, and if the peritoneal 
fusion of the anastomotic hnc has been aecomjilislicd, bealiag will always 
piogiess satisfactoiilv and drug therapy wdl not he neeossaiy, unlass 
gloss eontamnmtion Inis oecuried or unless other indications for drain- 
age iuc piesent 

These pvmeiplos have long betm leeognwed by tbongbtfnl and in- 
ielhgent smgoons, and the miiinteiiauee of a eollajised proximal loop 
has heen accomplished in the jiast In making an enterostomy pioximal 
to i!)i> anastomosis, nstialh In means of a rubber tube or catheter, 
using the Wit/el leehnniue In lescetions of the left colon a eecostomy 
IS indieaied foi tlie same leason, and if oiistiuetion has been ])rescnt. 
the reeoslnmy should always be done a week or more before the ie.seefion. 

I ntil leeenlh these pnneiples weie at times difliciill to earry out, 
es5HH'^a!l^ 11) the oases whole obstuielion had lesulted in long-.sfa'nding 
'hstention -and hypettiopln of the pioximal looji Tliis was one o'f 
the ehief leasoiis wli\ suie-to-side instead of end-to-end or end-to-side 
anastomosis was adioeated, beeause m these jiatients flm distended proxi- 
mal bowel made it niandatoii to use the side-to-side stoma. .\n enteros- 
(omi wlneh was fjcquentli done as a safelj \ahp, {« ie,luee tension on 
the siiiure line, iiioinied one moie elmneo of eonlaminalion and leak- 
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Table V 


BANKIK and JIUCCLICZ I’EOCEBL'BES 

Cancer and Other Biseases or the Colon 
(E xcLrsn-E OP Tr-axsverse) 

193S TO 1942 



1 

1933-1937 j 


1938-1942 ! 

1 

1933-1942 


1 GASES [ P.O- DEATHS | 

[ cases i P.O. deaths I 

[ CASES ! P.O. DEATHS 

J.'itnlin ; 

Cancer 

10 

5 (31.5%) 

14 

1 (7.1%) 

30 

6 (20.0%) 

Other diseases 

1 

1 

2 

0 

3 

1 (33.3%) 

Total 

17 

6 (35.3%) 

16 

1 (6.25%) 

33 

7 (21.2%) 

.l/iluficr; 

Cancer 

10 

ts 

o 

Cl 

12 

5 (41.7%) 

22 

7 (31.8%) 

Other diseases 

0 

1 

0 

1 

0 

Total 

10 

2 (20%) 

13 

5 (38.5%) 

23 

7 (30.4%,) 


In addition to tlie above procedures the following opera- 
tions were also performed: 


liaiA'in : 

15 preliminarj- eeeostomies 

1 accompanying enterostomy 
Jfi'fcitlicr ; 

10 preliminary eeeostomies 

2 accompanying eeeostomies 


(3 P.O. deaths) 
(1 P.O. death) 

(2 P.O. deaths) 
(1 P.O. death) 


Average postoperative hospital days of the survivors in. Rankin type. 4B.0S days 
(1.198 postoperative clays for 26 survivors); Mikulicz, 48.75 linys (780 po.stoperativc 
days for 10 survivors). 


T.vbLE VI 


Transverse Colon 
E.vdic.vl Oper-vtions 
Cancer op Colon 


1 

1 RESECTIONS | 

1 P.A.NKr.N 1 

; MIKULICZ 

I CASES i 

j P.O. PEATHS 1 

1 CASES 1 

1 P.O. DEATHS I 

i CASES 1 P.O. jDE.VTHS 

1933 1937 

9 


o 

0 

4 


I93S-1942 

14 


4 

0 

1 


Total 

2o 

5 (21.7%) 

6 

0 

5 


OTHES; DiSEASES 


6 

wBmmm 



0 


Total 

2it 

7 (24.1%) 





In addition to tlic above procedure.-, the following oiH-raticms were 
Itescctions: 

aKo performeil; 


•1 preliminary cccostomic.s 
9 accompanying eeeostomies 

2 accompanying appcndicostomies 

3 accompanying colo'-tomie.s 
I'nn/.in: 

.1 prcliminan ceco'tomic'i 
.liil.tiiire; 


(2 P.O. deaths) 
( 1 P.O. death ) 
<i> P.O. death) 
(1 P.t). dentil) 

(0 P.O. .leath) 


1 prolimmarT.' eceostomv 


<0 P.O. death) 


AicrnKc poitoperatlv 
l-istcipi ratlie for 
I. Minlvnr.v) . Mlkiillcr, 


e liO'ViUal itu>H of «»• sun is or.-. In lo.-if ctiorn 43 4,7 ,lnn< 

ItwnW". -K-S days (;C7 postoiieratlve ,lav>‘'rm 
60.25 days (241 jmsioiierative liajs for 4 survlvora). ’ ^ ^ 
















si/Kcnnv 


Taiii.k II r 

IIKSKCTIOX.S or liKtT C0I.0S 
CAncixoMA or (;oi,ox 
ID.HS TO 31)12 



In ndOifinji to tin? re‘'e(*tii>ns, tjio Xolloulng operations 
were also performed in tin's ;;roup: 

■tl* preliminary cccostomics (4 P.O. deaths) 

22 aceompanyinfr eccostoniics (2 P.O. deaths) 

2 snbscfjnent cceostomics (0 P.O. deaths) 

4 preliminary eolostomies (0 P.O. deaths) 

12 accompanyiiifr eolostomies (2 P.O. deaths) 

2 preliminary appendieosfomies (0 P.O. deaths) 
o aecompanyin'; appendieostomies (2 P.O. deaths) 


•One Ilf tliese was performed at anotlicr hospital. 

Avorace iiostoponitivc hospital da.v.s of the survivors in this group; lO.OS days per 
Patient (a.SSG postoperative days for nv survivors). 

Table IV 

Resections of Left Colon 
Otiieb Diseases ExcLcsnx or Cancer or Colon 
1033 TO 1942 


r.o. 

de.aths 



resections 


MORT.ALITY (%) 


7.1 

14.3 


10.7 


P.O. PEATIIS 


Diverticulitis 
Redundant colon 
TTIcerafive colitis 
Megacolon 
Intussusception 
Cancer of rectum 
Stricture 
Pibromyoma 
Endometrioma 
Tuberculosis 
Prolapsing colostomy 
Fistula 

Regional ileitis 
Polyposis 
Ileus 
Volvulus 

Li poma 

Total ~ 


57~UdditIon to tlie resections, the following operations 

were also performed in this group: 

A Tireliminarv cecostomies (1 P.O. death) 

S accompantung cecostomies (0 P.O. de.ath) 

\ niiminaW colostomy (0 P.O. death) 

5 ^oeim ^iung colostomiej (1 P.O. death) 

--^r^;:rh^tnl days of the .sum-ivor.s in tiii« group; SC days pci 

days for 2.S .survivors). 

patient 
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an enterostomy done at the time of resection. Furthermore, the two- 
stage procedure wa.s done away with in favor of tlie one-stage operation. 

In our OUT! e.\perienee we have found tliat with the proximal bowel 
decompressed, tlie hazard of spillage and contamination is eliminated 
and the anastomosis by the open method, with careful protection of the 
wound and remaining peritoneum and accurate suture teelmique, is as 
.safe as the so-called aseptic methods, and more certain of gi^^ng an 
adequate stoma and avoiding subsequent leakage. 

The tables summarize the results and ai’c self-e.xplanatory. Atten- 
tion is called to Table II to compare the mortality in eases in which the 
intc.stinal intubation was done and in eases where it was not done. 
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Tahlk vjr 

JI-EOCOLKCTO.M1KS 

3033-JPJ2 



1 3!i:i:!-iP37 1 

19.'58-iS)42 

[ 1933.3W2 


1 <usf:s 1 

r.o. 

1 DKATHS 

CASES I j 

1 DEATHS ] 

' 1 P^THS 

(.ananoimi of colon 
Other ilisaases 
(see bcloiv) 

;!s 

« (31%) 

3 ( 9 . 1 %) 

57 7 (I2..3%) 
2!) 4 (3.1.8%) 

.‘15 15 (35,S) 
51 I) (33.S) 

^ Jolai 

III) 

10 (l'i.7%) 

SI) 13 (32.8%) 

140 21 (14.4) 


OTItKl: DtSKASES 


I{(‘|rioniil ih'itiM 

U/coni(ivc coiifiii 

JJivuitimilitiN 

'J'ubprciilojis 

Inhissusccption 

Gangrene 

Adenomnfosis 

] hits 

I’isfula 

Ulcer of ceciini 
Visoeroptosis 
Cancer of kidne3' 


1 li)3.8-10;i7 

1 19.88-3942 

I 1933-1942 

CASES 1 

1 P.O. 

[DEATHS 

i C.SSK.sj 

[ 1 

' DEATjrS J 

I 

I CASES 

1 J'.O. 

' DEATJfS 


■I 

1 

1 

o 

0 

0 

0 

0 

0 


0 

0 

0 

] 

0 

1 

0 


14 

o 

0 

o 

3 

o 

0 


1 

3 

0 

n 

1 

3 

0 

0 

0 

0 


3 

3 

0 

3 

0 

0 

0 

1 
0 
0 
0 
0 


Total 


2 !> 


51 


() 


A^•o^l!rc postoperative da.vs of the survivors In this g-roiip; S7.SS 
operative days for 125 survivors). 


days (J,735 post- 


age, iiad to be done at the end of a difficult procedure, and veiy often 
did not ivoiic satisfactorily after operation. Fui'theraiore, tlie jiresence 
of a distended boivel with tlie accom])anying edema of tlie cancerous 
lesion in the presence of obstiuiction convinced many able surgeons that 
a two-stage operation for cancer of the cecum and ascending colon was 
necessary, using a side-to-side ileocolostomy as a first stage operation, 
to be followed later bj' the excision of the growth. This required two 
anesthesias, two operations, and in many inslances the second stage was 
either refused because of a stormy first stage or because the patient 
delayed until the growtJi had metastasized or e.xtended far beyond the 
site found at the first procedure. 

Our striking^ favorable results in decompressing the small hitestine 
in cases of inflammatory ileus and ileus due to bands and adhesions by 
the use of the Miller-Abbott tube, soon aftei' its demonstration by the 
authoi’S of this epoch-making discoveiy, led us to use it as a preopera- 
tive measure in resections of the terminal ilciun, cecum, and right colon. 
The immediate improvement in the morbidity and mortality of our 
operations for carcinoma of the cecum, ascending colon, and hepatic 
flexure and for such lesions as regional enteritis, es])ecially in terminal 
’leitis with resection of the cecum and i-ight colon, with end-to-side 
!- oiostomy in all these procedures, has convinced us that jneoperativo 
stoperative decompression of the proximal intestine, by means 
ft '^Miller-Abbott tube, is the method of choice and far superior to 
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A better understanding of the colon circulation may be had if ue 
divide its arterial arrangement into three parts; 

1. The main arterial trunks and branches 

2. The marginal artery {of Drummond) with its vascular loops and 
vasa recta 

3. The blood vessels within the bowel wall 

These divisions may apply to the entire larger bowel, except the 
rectum, where the same arrangement of the circulation does not exist. 



1. The Main Arterial Tniyiks and Branches . — The superior raesen- 
Icric tiirongli its right colic and middle colic branches, supplies the 
ascending colon, the hepatie flexure, and transverse colon. The remain- 
ing part of the colon and the upjier half of the rectum are supplied by 
the left colic and sigmoid branches of the inferior mesenteric artery. 
One of these branche.s, the terminal branch of the inferior mesenteric, is 
tlie superior hemorrhoidal. The remainder of the rectum and the anus 
aie supplied by the middle hemorrhoid from the internal iliac and the 
iuft'i-ior hemorrhoidal from the intenial pudic branch of the internal 
iliac. It is evident that the rectal circulation is much more adequate 
than the other sections of the large bowel (Fig. 2). 

AhnonnnJilir.s of the blood ves.sels of the colon are present occa- 
sioiuilly. The superior mesenteric artei-y may be double, and it may 
supply the whole intestine from the duodenum to the eiid of the rectum, 
the inferior mesenteric artery being ab.sent. 

Again the superior me.senteric artery may give branches to the 
lieiiatic, renal, and middle colic arteries; also its left colic branch may 



TJIID BLOOD SUPPD'^' OF TIHJ LARGK BOWFL WITH 
RBFEKENCE TO EESECTION 

ALiiKitT 0. SiXGLKTOx, jVI.D., Galytcstok, Texas 
(From the Department of Surgery, Ale<lical Branch, Vniversity of Texas) 

I HIE Jai'ge boirel lends itself to surgical procedures quite con- 

A ^enicIltly, jjrovided the snvgcon familiarizes himself with essen- 
tial anatomical facts. This knowledge pertains particularly to its blood 
supply, rile blood supply to the stomach is so abundant that one may 
here do almost any lyjjc of resection or plastic procedure with perfect 
confidence of sufficient vascularity of the remaining tissues for certain 
healing. This is generally true with the small intestine, but certainly 
not with the large intestiiie. 

The arrangement of the arteries to the colon has been cleverly demon- 
strated by Jamieson and Dobson, Eubesch, Drummond, Steward and 
Eankin, and others. The injection of the main arteries vdth an opaque 
medium and the use of x-ray film have been the chief methods empl03’’ed. 
These investigations have been stimulated by the failures in colon surgery 
due to an insufficient blood supply to the part of the bowel remaining 
after resection of certain segments for cai’cinoma and other diseases. 

It will be noted in Fig. 1 that l.vmph glands are veiy numerous 
along the mesenteric border in the lai'ge intestine, and that Ij^mphatic 
channels follow eloselj' the blood vessels to the origin of the mesenteric 
arteries at the root of the mesenteries. The extent of Emphatic removal 
is often limited because to remove them means sacriheing blood vessels 
that are essential to the vitality of bowel which must be left. The neces- 
sity of wide removal of l.vmphatics is no less in cancer of the colon 
than elsevlrere in the bodj’. In one’s zeal for extensive removal of 
lymphatic glands, such previous^^ mentioned large vascular trunks 
may be ligated, endangering the circulation to the ileum at times, and 
ill longer lengths of colon than anticipated, with immediate grave dan- 
ger to the patient. 

” The blood supply to the large bowel is from three major sources 


(Fig. 1) : 

1 The supei'ior mesenteric ai’teiy 
9 rpjjg inferior mesenteric artei.y 

Q The internal iliac branches: (1) middle hemorrhoidal, (2) in- 
■ ferior hemorrhoidal, and (3) pudic 


■^vea for publication, Wr 12- 


1013. 

32S 
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not iuiastomosc willi the middle colic avteiy, as is iouiid in some ro- 
dents. 

The i'iylit coh'c artery is quite inconstant. It originates from the 
superior mesenteric in 10 per cent of cases, from the middle colic in 
30 per cent, from the ileocolic in 12 per cent, and in 18 per cent it is 
absent (Rankin and Graham). The middle colic artery is also irregular. 
It supplies the greater part of the circulation to the splenic flexure of 
the colon and a still greater part of the circulation of this area when 
the left colic is absent or not well developed. A failure of anastomosis 
of the middle eolic and left colic arteries, which occurs in 5 per cent 
of cases (Grant), results in a break in the continuous flow of blood 
through the marginal arteries of the colon near its mesenteric border 
from the cecum through the sigmoid segment (Fig. 3). 



4 — Tljt uu'ii of U’‘»t'ctlon of the cccum iiith H^ratJon of Ileocolic artery near 
nie'senlerlc ui I K, Mam bnmeU of suiicrlor mesenteric uhlch rnaj bo 
iimtist itetUj when an attempt Is m.ule to remove the Ivmphatic jrlantl«t and 
In denth of n lime paU of the small Into^stlno. 

A re\ic\\ of the circulation of tlie coloii, l)y e.xamiuing the illu.stra- 
tioii',, will make it evident that care should he tafeen in the j)hicing 
of ligatures wln-n resectin'; certain parts of tlie lai-ge bowel in order 
that the l)i)\\el to he left will not he endangered by inade(iuale blood 
su{>p!y. In the very fat mesocolon one may have difliculty iti seeing 
the large blood vesseK. hut ordiimrdy by liftin'.; the bowel iif) with tlie 
li'_'iit on the oiiposite side the\ mnj he seen. 

b'or e.vample. in resection of the cecum the ileocolic artery .should 
lie imMted ill .1 which denies several iueUes of the terminal ileum of its 
cmmlalion hut this part of the ileum is to he removed. The circulatioii 
of a liii',;.' pan (,f the simiU uitestine will he impaired if (in going too 
hiehi the iiiiiin trunk of the superior mesenteric is- occluded at li. 
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2. Tkc Marginal Artery (of Drummond) With Its Yascular Loops 
md Bccia (Pig. 7).— The supci-ior mesenteric system is contm- 
iious with that of the inferior mesenteric tiirongii the jiinctjon ot the 
middle colic branch of the former A\ith the left colic branch of the 
latter. Drummond injected under pressure the inferior mesenteric ar- 



(j. — ro*;UUm for of tiu' nrtiim. A. I-icaUon of iho 

ttupcHor lioinotrhoitinl unA iiifotlor olUw.s 'nIOp txrKion iintl .••till pn'-'tTVO'j 

Ujc circulation to the lUHH'r IriU of tho vijjmonl. i?. If llijuiurc 1*^ plac*o<l on Inferior 
mo^oni, rlc nbo\o the origin of the left colic the chculation \vlll l>o lo'-t too hiph 
up On the rhTiiioht f»»i s itlsf iriuty colo''l«^n»^ 

n-ry, and the injection passed up tln-mi"h tiie left colic fdlino the 
hnuiehes of t!ie .sii[ienor ine.senteric. Knhe.scti, liy injectintr through 
the Mipofior nu'senlerie artery, pressed the llind into the inferior niesen- 
tcrie in the leverse direction. 7’hoinili tlie eirenlalion Ihi-ough Drum- 
imm's nreh from the Kiiperior and inferior nicsentcric arch is a cou- 
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Agitii)^ i[ 111 roHticAum of ihc eec-itin ;iml rigiit half of ihc tnmsveiso 
colon (J'ifr. f)) ilio muhllr. onlir. nrlrr;/ is (ied near ils origin from the 
.superior inesenlerie nf, A. Il.o middle and Jcfl, half of Ihc lransvor.se 
colon may bo devitalized, and Ihis may ncoe.ssilalo the removal of almo.st 
all the transverse colon, or even flic .sjiienic flexure whose cirenlatioii 


may be so imjmirod due to an inconstant left colic artery, and it would 
not survive after ana.stomosis. To avoid devitalizing the middle portion 
ol the colon, this artery .should be carefully preserved when doing a 
gasliointestinal anastomosis through the mesocolon. We Iniow of such 
accidents linving oeeurj-cd with disastrous results. Generally such an 
injury to the circulation of the colon by tramsmesenterie anastomosis 


is due to injury to the marginal colic artery or its vasa brevia, hut 
occasionally the circulation of the left half of the colon and splenic 
Ilexurc is dependent iijion the middle colic artery where the left colic 
is ])oorly developed. (83 per cent of ca.ses, according to Gi'ant.) 



Figr. 5. — In a certain number of cases where tlie left colic artery does not 
toniose too freely Avith tlie middle colic past the splenic flexure, resection of the 
cecum and bepatic flexure may result in extensive devitalizing' of the transverse colon 
when the arteries are tied at A and S, 

In resection of tlie sigmoid flexure (Figs. 1 and 2) one may impair 
seriously the circulation of the distal segment of the colon by ligating 
tliC inferior mesenteric artery' at A, or the right sigmoid l)rancli at it. 
This may make anastomosis of tlie proximal and distal ends of the re- 
maining colon imi) 0 ssible. 

In the resection of the reefnm for cancer (Fig. 6j, in order that 
o/l^>nmte bowel is removed to include tlie high lymphatics, the inferior 
nwsLteric artery should be ligated at A. This naturally results in 
T Unlizino' the sigmoid fairly lugh up, neee.ssitatmg the removal of 
devita o di.sadvantago because a more satis- 

tlie ; colostomy results if the terminal loop is sliorl, and with 

factory s fei-minus, function .sceins to lie hotter and prolapse 
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tiniious one, the anastomosis is not so free that one vessel maj be 
occluded and the colon survive depending only upon the circulation 

from the other one. 



FIk. !>.— I^oj) ot .«nnll Intestine .=l>onln(r Ulstiibution of intestinal arteries. {Fiom a 
prcjur.itioii by Mr. Hamilton Diummoml.) The arteries anil arteriole'; are numerotis 
In the bowel wall anil an-iatonio--e.s aio vcri free In the Ileum and le^s free in the 
Ji-Jnnum ( b'roin Gr.iy. Anatomii. Ud. 21. Phlladeliilila. H)2I. Lea & Febicor.) 


It is also well to call attention to the aiTangeiiient of the ciieuia- 
tmn nearer the howel wall. Branches cominu off the mesenteric ar- 
teries from the center of tlie abdomen form a eontinnous vessel which 
witliin the circle of the colon evleniK its entire length forming an arch 
(ealh'd the marginal aichi which is at a fairly coii.stant distance from 
llie mesenteric border. At certain places the arch may be broken into 
several arcades From this arch and its arcades, vasa recta .siU’ing and 
iniiNne a straight eoni-se to enter the mesenteric border of the gut 
without anastomosing with one another. The anastomosis hetween tlie.se 
vasa recta in the howel wall is not vitv flee. ;md in operations which 
r<-snll in division and anastomosis of the intestine, injurv to tliese 
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Fig. 7. — Branches coming off the mesenteric artei’ies foim a continuous vessel 
within the circle of tlie colon a sliort distance from its margin tlirougliout the lengtli 
of tlie colon, tlirough wliicli tlie circulation from tlie two mesenteries communicate, 
^farginal arterj- of Drummond. 



Til Ti-itinn of tile circulation near the bowel wall .sliowing arcades and 
Fig' S' — Vf^’^M?inum ileum, and colon. It is evident that the circulation to the 
vasa recta to tlie ileum and tliat tlie colon circulation Is much leas 

ieJunUni is not so "ch £>» “^e intestine. There arc .lecldedly fewer vasa recta 

odpnilate than o*’’t their anastomosis Is very inadequate. Danger of deiltal- 

S to the lorge bowrf and the^r encl-to-end anastomosis is very great as 

fzinlthe bowel ami f«'"pf„,edure on the small bowel. 

compared "itn 


SIKGLCTOK: BLOOD SUPPLY OF LARGE BOWTEL IX RESECTIOX 337 

Ireaiient in tiic large bowel and llieic is corrcsjiondingly. a much poorer 
1)lood supply. 

If ^\e examine in more detail il uill he .seen flmt the terminal arteries 
as they approach the bowel are made up of .short and long branches, 
the former eutcrlng the wall directly, while the long branches pass 
subserously directly toward the antimcsenteric border and penetrate 
to the submucous layers much farther from the mesenteric border and 
on to the end in very fine fragments at the antimesenterie areas with 
scant anastomoses rrith the branches from lire other side (Fig. 11). 
Therefore, the antimesenterie area of the colon, rvhich is between tbe 
taenia, is ])ooily supplied with blood but doe.s receive some from terminal 
vc.ssels on citber side. 



riK. n — The arteries as appro ich the bowel aio maUc up of Ion/? and sljoit 

branches, the former enteilnp the wall dlrccUj while the lonj: branches pass sub- 
Rf’rouMy toward the anilnuvf nlerlc bordtr and end In wry fine frapnents with scant 
aniR{onios»c*i to the brnnein s from the oppo'iUc ^5dt. i From Rnnkin and Graham. 
Carter*' of the Cohn and Jlrrtutn Sprlnpflehl, Charleq c Thoma**, puhil«?hpr ) 

Based upon these aiiatonucal facts it is sujigcslcd liiat; 

1. In ojicnintr tlie bowel in a leinpoiary colostomy the incision should 
he made at the antimesenterie Itordcr belneen the taenia and iJie long 
axis of the boo el. 

2. In doing ileoeolosionn with the end-to-side, or sidc-io-side anas- 
tomosis, this aiea of the eolon should he the site of union. 

3. Because of the pour anastomosis l)et\\een the vasa recta, a mini- 
mum ammint of freeing of the mesentery fumi the honel slmuld he 
done nhen mnking an end-to-end anastomosis of the eolon followin'' 
lesei'lion. 

■1. Bieause of the diieetum of the leniiinal \essels and their laek of 
anastomosis, nhen i-eseetnug the eolon to he folloned hy emi-lo-end 
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Figr 10. — Sigmoid colon and rectum, showuig^ distribution of brandies of iiiferJoi 
mesenteric arterj' and their anastomo'?es (Piom a preparation by Mr. Hamilton 
Drummond.) Illustration, by contrast, of the deficiency of the circulation m the colon 
The arteries and arterioles are much fewer and faithei apart and the anastomosis 
IS much less frequent (Fiom Graj, Ana(07ni/, Ed 24, Philadelphia, 1924, Ijca 
Febigei.) 

3. The Blood Vessels Within the Bowel Wall . — TJie anastomosis of tlie 
vessels within the bowel wall is not a free one as stated before, and 
partieixlarlj'' so in tlie colon. If we examine Fig. 9 it will be seen that 
the niimber of arteries and arterioles in the jejinmni are less numerous 
than in the ileum, and the anastomosis is correspondingly' different. In 
pio 10 we can contrast the circulation in the wall of the colon with 
Ih’it in the wall of tlic small intestine It will he seen clearly that, 

1 are there fewer arteries in the colonic wall but they are ranch 

Apo the anastomosis between these vessels is much loss 
further apaii- .aiov. 
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mesenteric side of the appendage. Rankin calls attention to the ar- 
rangement of their circulation which indicates that preservation of 
the epiploicae is advisable, hut when it is found neeessaiy to remove 
one, the artery passing thi'ough its base should be saved (Fig. 13). 

2'lic omen him (Fig. 14) ; The omentum may have a part in colon 
surgery. Its part cannot be said to be of major imjiortance; on the 
other hand it may be very useful. Its power of rapidly becoming ad- 
licrent to peritoneal surface, sealing over areas of bowel with question- 
able circulation, and reinforcing suture lines is well known. It es- 
tablishes vascular connections with the tissues to which it becomes at- 
tached in a very short time, and may save bowel wall from necrosis 



I tK. 14.— Tin- omfiitimi with Its rich clrciihiUon may be u,«eil •with lulv.-int.'iirn nhnut 
i>n!i.«tDinii«l.s of thi- colon ticc.au-c of It.x jmwir of .mlhcrjnfr nml ntnhUv VunstMiic 
cltcuhitlon to the .sutmcil nren m the colon. suppiMtiB 


in tliis inaiuicr. The blood suiqily to the omentum is very rich and 
entirely fnmi the gastric ve.sscl.s. Kmbryologically it identities it.self 
with the .stomaeh and receives its circulation from the gastroeiiij)loie 
arteries, and though it becomes attached to the transvm-se colon and 
upper surface of the me.soeolon in embryonic life, .strange to .say prae- 
ti>‘id!y no blood flows from the ctdon to the omentum except in small 
vc,s^.K' through tile phrenoeolic ligament. Reeause of its rich blood 
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suluro, tlie clamps sliould be jilaccd across the bowel at a slight angle 
so that the circulation of the free border may be maintained (Fig. 12). 

Appendices cpiploicar : Becan.se of the nnreliabilitj' of the circu- 
lation of the colon, even the epijiloieae are not to be overlooked by the 
surgeon. These fatly appendages may be nsefnl to tack over suture 



Flc:. 12. — lleoauso of the vertical court-e of the vasa recta over 
hs advisable when resecting the colon and doing an end-to-end border 

clamps be placed at an angle so that the circulation on the antimesenteri 
will not have been interfered with. 



fi&'^rShlrles b Thomas, publisher.) 


lines for reinforcement by eneonraging healing and J‘'*tood 

It times they may be in the way and interfere serious y viU. .ood 
nf serous surfaces of the colon iii anastomosis. ^ 

apposition hemorrhage occurs when one of these is ent 

. 1 . 1,0 ...1 c .... 
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mesenteric side of the appendage. Bankin calls attention to the ar- 
rangement of their circulation which indicates that preservation of 
the epiploicae is advisable, but when it is found necessary to remove 
one, the aiiery passing througii its base should be saved (Fig. 13). - 
The omentum (Pig. 14) -. The omentum may have a part in colon 
surgery. Its part cannot be said to be of major importance; on the 
other hand it may be very useful. Its power of rapidly becoming ad- 
herent to jicritoneal surface, sealing over areas of bowel with question- 
able circulation, and reinforcing suture lines is well known. It es- 
tablishes vascular connections with the tissues to which it becomes at- 
tached in a very short time, and may save bowel wall from necrosis 


Gastro-epiploic 



FIs. 14.— The omentum with its rich circulation may be used witli advantaKe about 
.'inastoinosi.s of the colon because of Its power of adlierinc and rapidly supDlvImr 
circulation to the sutured area in t!>e colon, ' 


in lliis manner. The blood supply to the omentum is very rieh and 
entirely from tlic gastric vessel.s. Bmbryologically it identifies itself 
with the .stomach and receives its circulation from the gastroepiploic 
arteries, and thoiigli it becomes attached to the transvei'se colon and 
upper surface of the me.socolon in embryonic life, strange to .say prac- 
tically no blood flows from the colon to the omentum except in small 
ve.s.sels through the phrcnocolic ligament. Because of its rich blood 
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supl)ly iind i(s ])o\vcr to altacli itself 
.sijpj)]y i) willi blood, if slioiild ))c user! 
colon. 


to tile traumatized bowel 
io row Force suture lines in 



Although as mentioued previously there are disadvantages in the ai- 
rangement of the blood supply of the colon from the standpoint of 
surgery, still there are some favorable facts in its arrangement. In 
surveying the blood supply to the large bowel, one should be aware 
of the fact that all its arteries come from the center of the rectangle 
formed by the colon and radiate from the eenter to the peripheiy. 
This means that the peritoneal reflection of the bowel on the lateral 
aspect of both the ascending and descending colon may be freely in- 
cised without encountering blood vessels. This permits the delivery of 
fl e cecum and ascending colon and the hepatic flexure through the 
' , of the abdomen, facilitating easj- resection (Fig. 15). 

1 on the left side at the splejiic flexure and the descending 

Simi ar y, ^ Interal peritoneum is done wifh the same freedom 

colon, severing tne mici i 
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from important blood vessels, freeing this portion of the colon, allowing 
the same easy manipulation and greatly simplifying the operation. The 
splenoeolic ligament at the splenic flexure may contain a small vessel 
which requires tying, but the hepatic flexure attachment may be 
severed with impunity. 
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CONSIDERATION OP ELECTIVE SURGICAL PROCEDURES IN 
VARIOUS SEGMENTS OP THE COLON 

Thomas E. Jones, il.D., CijEveland, Ohio 
fProm the Cfcrerand ClinioJ 


/\ iniei’esi in the surgical nianagemenf of malignancy of the 

colon and roclum of the past twenty years is evidenced by the 
aige mimber of contributions to the literature. Anatomy, of course, 
has not changed, surgeons have not suddenly lieeome expert, but im- 
pioveniont in surgical technique and tlie ajiplieation of physiologic prin- 
ciples have increased the scope of operability, loivered the mortality, de- 
creased morbiditj', and increased curability. Allied branches of medi- 
cine, such as x-ray, have contributed materially to the earlier recogni- 
tion of malignanc.v, and the renewed interest of pathologists has led to 
a better understanding of its spread; this hnowledge has been very 
helpful to the surgeon in his surgical approach. Early diagnosis, in- 
sistence on good preo])erativc preparation, improved anesthesia, and 
chemotherapy have all contributed to making the problem a much more 
hopeful one than formerly. From descriptions of operations performed, 
radical proeedui'cs seem to be the vogue, and curbed by the necessity of 
saving one kidney, a part of the stomach, or a part of the bladder, from 
an anatomical standiioint the suregon has almost reached the limit in the 
eradication of malignant disease of the colon and rectum. Further bene- 
fits must come from earlier diagnosis, which obviously is lagging far be- 
hind improvement in surgical technifiue. Change in bowel habit or the 
presence of bleeding must be considered as being due to malignancy un- 
til disproved, if we are to make further progress. 

Prom the standpoint of surgical technique there are admittedly many 
different ways of accomplishing a certain operation in a certain segment 
of the colon. The one fundamental pi-erequisite, however, is to do as 
extensive and as radical an operation as possible. "Whether this is done 


b3’^ the closed or open method, b^^ the one-stage or two-stage method, or 
by anj' other technique makes little difference provided the surgeon can 
show that his results from the standpoint of mortalit.v and morbidity arc 
equal to those of other tcchnique.s. Perfecting one technique is better 
than trying every new procedure that is introduced unless one has an 
abundance of material. It is advisable, of course, not to take an attitude 
of laissez faire and to be facile enough to ado])t something new if it is 
oroved to be distinctly better. 

While one may prefer a certain standard procedure in ccriam seg- 
f the colon, the findings at operation may nece.ssitatc a variation' 
men s o Obstruction, subacute perforation, or fixation must alter 
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the course of even the stauneliest advocate of the one-stage procedure. 
Graded procedures are necessary for utmost safety in this limited group 
of cases. In the final analysis the main eontrovei-sy in surgery of the 
colon revolves around (1) the one-stage or two-stage procedure, and 
(2) the open and aseptic or closed method of anastomosis. There has 
been an active and healthy dispute regarding these principles, but cer- 
tainly one can anticipate a better understanding of the methods in- 
volved, and the issues are not so unrelated as they would seem. Im- 
provements along one line or another may cause a change of method. 
For in.stance, sulfanilamide may change a two-stage operator into a one- 
stage advocate, or the use of the Eankin clamp may cause an advocate of 
the open method to use the closed method. Broadly speaking, I am in- 
clined to agree with Kives’ when he says, “Less depends on the method 
used than the manner of its execution.” A cursory review of mortality 
figures in recent years shows a disparity of 10 to 25 per cent for the 
same opei'ation. This disparity is pi’obably due to the manner of execu- 
tion. Stone and MeLanahair, in reporting 166 resections from the 
oeeum to the rectum, show a preference for one-stage operations and 
closed ana.stomosis. Out of the entire series there were only eleven two- 
stage procedures. The overall mortality was an excellent one of 13.8 
per cent. In cases of open anastomosis the mortality was 26.3 per cent 
(in nineteen cases), while in the closed anastomosis it was 11.2 per cent 
(in seventy-one eases). The reader may I’eflect that they have had four 
times as much experience with the latter, and that may play a part. I 
have always believed that peritonitis depends not so much on soiling as 
on leakage at the suture line or secondary to a bad wound infection, and 
since this can happen in the two-stage anastomotic procedure as well 
as the one-stage I prefer the one-stage procedure. 

In all statistics a higher mortality is quoted for palliative anastomosis 
and resection than for eom[)leted cases. This probably demonstrates 
the importance of vitamin and plasma protein deficiency in infection and 
wound healing. The patient with advanced malignancy is probably 
lacking in both of these c.sscntials and therefore cannot tolerate a minor 
pi'occdure. However, cancer is a fatal disease and operative mortality 
cannot be viewed in the same light as in nonfatal cases. The surgeon 
must be courageous. His responsibility is to palliate as well as to try 
to cure. The decision in any individual case rests upon the surgeon’s 
exi)crienco. his philosopliy i-cgarding malignant disease, the patient, and 
the lesion. 

Lc.sions in the riglit colon whether in the cecum, ascending colon, or 
hepatic fiexure are best treated by right colectomy. Jly preference in 
this group of eases is tlie one-stage right colectomy with ileotran.sverse 
colostomy with an end-to-sidc anastomosis over a Rankin clamp. It is 
applicable to practically all eases. Only the occasional ease involves 
the ileocecal valve causing obstruction, and perforation is uncommon. 
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Foj-JHorly a sniaJI cafJicler was inscilccl by Wilzel’s inetliod into the 
ileum about six or cig-lit incbos from Die anastomosis to prevent tension 
on tlic suture line and to relieve iiressure within the bowel. Lately this 
loclmicjuc has been changed and the Miller-Abbott tube has been sub- 
stituted with satislaetory resull.s. However, if the tube is not proved 
to be in the ileum before operation, the catheter is still used. Because 
of the frequent difficulty in passing the tube, the intolerance of certain 
patients to it, and irritation from it which may produce pulmonary com- 
plications when necessary for many days, the ileostomy tube may be 
more satisfaetoiw. 

The great advantage of the one-stage over tlie two-stage procedure is 
ceonomj' in hospitalization and rehabilitation time, jmt economy in 
time cannot be argued against safety. In either ease these patients 
must have a few days of preoperativc care in which transfusion is of 
firet importance because so man3' have a seeondaiy anemia. A review 
of fort.v-five unseleeted eases shows that the average hospitalization 
period was twentj' daj's. This is considerablj' less than for the two-stage 
procedures. The mortalit}' was 13 per cent. One of the greatest diffi- 
culties in resection of the right colon, ])articularl3' in the veiy obese 
patient, is peritonealization of the right gutter. Improperl3^ completed, 
it will lead to adhesions and obstruction which is a definite factor in 
mortalit3'. For several years we have obviated this by the use of the 
modified Jlikuliez pack (Figs. lA and IB) described recently®. It pre- 
vents the small intestine from becoming adherent, and the postoperative 
convalescence is therefore much smoother. The combination of a well- 
prepai'ed patient, decompression of the ileum either by Miller-Abbott 
tube or ileostom3^ tube, the use of the Milmlicz pack when indicated, the 
use of steel wire figui'e-of-eight sutures to prevent infection and disrup- 
tion wiU, I feel confident, reduce the mortalit3^ considerabL’’ in this cur- 
rent series. If the surgeon has not had sufficient experience to be adept 
in the use of the Eankin clamp he should resort to other procedures. 
When it is impossible to use it because of immobilization of the colonic 
seoTuent I do not hesitate to do an open anastomosis whicli is generally 


side-to-side. 

I have had no experience with the modified Slikulicz operation on the 
right colon. It has been advocated b3" Lalie3’^ in recent articles. Cat- 
telP reports a moitalit3" of 3 per cent b3’- tliis method in over 100 cases. 
The objections to it, of course, are the same as for ileostomy in addition 
to the longer period of hospitalization. However, the discomfort does 
not last for man3^ weeks and if it lowers the morlalit3' over other opera- 
tions by another 10 per cent it surely will become the method of choice. 
The classical two-stage procedure is the side-to-side anastomosis bc- 
’ en the ileum and transverse colon and the re.section of tlie right colon 
< 1 ter date The objections are that ( 1 ) a peison is i-unning the 

nf accidental death twice instead of once; ( 2 ) the hospital slay is 
risK 0 ^ increased- ( 3 .) complications sucli as pneumonia, embolism, 
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phlebitis, infected ivoimds, etc. niaj* delay or actually defer indefinitely 
the completion of the second stage procedure. Therefore, I use it only 
in cases where there is obstruction or perforation of the grondli. 



Fiff. lA . — Diagrammatic sketch of pack after closure. 


In the transverse colon one has a variety of satisfactory procedures. 
Ordinarily mobilization is easy, and the lilood supply is good. Mavo 
and Simpson” report a mortality of 11.1 per cent in re-section and pri- 
mary anastomosis in contrast to 20 per cent mortality in ninety-five 
cases of extraperitoneal resection. Stone reports a mortality of 7.1 per 
cent in fourteen cases by this procedure. In the past it has also been my 
choice. In my own twenty eases there were two deaths, or a mortality 
of 10 per cent. In the one-stage procedure with resection, done in the 
manner of choice to fit the ease, I believe it is important to do a com- 
plementary lube eecostomy. It is .simple to do through a McBurnev ill- 
usion It will lower mortality and morbidity, and it does not prolong 
hospital stay, for if tlie lube is removed on the fifth or sixth day it will 
le closed by the time the patient is discharged from the hospital. In 
eases of marked obstruction, which generally i.s not the rule t!ic tube 
eecostomy should he done fins, under local anesthesia, Tn 

upmi amrir tT'", ^ Im improved 

soetio^ ’l hn e ' obstructive rc- 

m\e ic.ison to believe that flic mortality will he lower, al- 
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loiiyli .suffificiit cases liavc nol been clone for comparison. It cvoiilcl 
liave to be inalemall.y lower 1o juslifr the extra ten clavs in the hospital 
iiiui a longer convaksecncc. Jlost have to be clo.sed secondarily, and 
(ins cannot bo done until about eight weeks later.' During this time the 
patient is iiniiroduetiye because in ordinary times his employer will not 
re-eiiiploy him until the job is complete. 

If the obstructive resection technique is emplo.ved it is better to make 
the incision through the rectus muscle, right or left, according to the 
Joe.ilion of Die lesion, Tlic applicaiion of the spur clamp is safer, and in 
the closure of the stoma a better abdominal wall will result with less 
danger of weakness or definite hernia. 

PI6 . 1 B 



Fiff. IS . — Diaffiammatic sketch of pack mtraahdominany. 


A lesion at the splenic fle.xure presents more difficulty than in an)’ 
other segment of the colon. It generally lies ver)- high and is freqnentlj 
adherent to the spleen. In its mobilization the capsule of the spleen will 
tear and give rise to very troublesome bleeding. In two of onr cases the 
spleen had to be removed before the operation could ho proceeded with. 
In another case a gauze pack had to ho placed tightly again.st it. I be- 
lieve the obstructive resection is the best jn-ocedure liere, and a loft 
, , porder incision makes it easier than a left rectus incision. In a 
\ of twentv-fonr cases there were five deaths, a morialHy of 20 
f all types of operations. An analysis of recent cases, in 
f nhsfnietive re.seetion was used with the utilization of a 
wlucu t e lar^c cavity which could not be peritoneaJized. 

Jilikulicz pack m tue wi.t 
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indicates that the moi’tality can be loivex'ed to equal that of resections 
on other segments of the colon. The pack is lirought out through a 
stab ivound in the flank. 

Prei-ious to 1938, 1 favored resection of the sigmoid in one-stage proce- 
duce until end-to-end anastomosis and frequently until tube colostomy 
above the growth or tube cecostomy. The mortality in this group includ- 
ing descending colon and sigmoid in 128 cases was 14 per cent. Even 
though it compared favorably with other statistics, I felt it could be im- 
proved upon. With the use of sulfanilamide, as at present, it probably 
would have been lowered. I had ob.iected to the Miloiliez type of resec- 
tion on account of the frequent postopei-ative hernias, and I had seen 
many cases of recurrence in the scar, the cause of which was obinous. It 
seemed to me that the quoted mortality in this operation was also too 
high if it was designed to do away with the most frequent cause of 
death, viz., peritonitis from the open operation. Consequently, I started 
a series of the Eankin modification of obstructive resection. It seemed 
to me that one could do as radical an operation with this method as with 
the resection and anastomosis, a thing that the ilikulicz operation did 
not stress and the thing which caused the local recurrence. We reported 
this group of cases this year.' Prom January, 1938, to July, 1942, the 
series totalled seventy-seven cases, sixty-one being in the left colon. 
The mortality was five cases or 6.5 per cent. This definite drop in mor- 
tality seems to justify continuance of the procedure in preference to 
others. In tiiis group sixontaneous closure occurred in eleven cases or 
14 per cent. The total hospital slay in this entire group of eases aver- 
aged twenty-eight days. This included preoperative treatment in all 
oases, in ten of Avhich a cecostomy had to be ])erformed for obstruction, 
and the hospital stay for closure of the colostomy, the latter averaging 
eight days. It was not necessary to do a .second operation for closure in 
a single case. The teclmiquc is de.scribcd in the article and will not be 
repeated here. Mayo and Simpson quote a hospital stay of fifty-nine 
days with this procedure. 

As one reads the literature there is no apparent unanimity of opinion 
as to what constitutes the rectosigmoid. I take it to be the junction 
between the rectum and the sigmoid, and if the rectum is five inches loim 
then the rectosigmoid should be a small segment of bowel beginirin" 
at about the ])eritoneal reflection and extending proximally for not more 
than two inches, ^lost lesions at this point obviously cannot be exteri- 
orized. yet one frequently reads about the Mikulicz operation for recto- 
sigmoidal cancer. As a working basis I consider a lesion whose lower 
edge borders on the peritoneal reflection, or a segment two inches above 
it. as rectosigmoid and subject it to the same operation as those listed 
under carcinoma of the rectum. 

One of the most diffieult decisions to make is the type of procedure 
best adapted to n lesion who.se lower border is three inches above the 
peritoneal reflection in an obese patient. Even the most radical .sur- 
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goon does not want to .sacrifice the rectum niinecessarily. To save the 
rectum one must ))e committed to a liiglier mortality and morbidity. The 
clioice lies between two proceduras : (1) colostomy foUoAved by resection 
and end-to-end ana.stoniosis, and (2) tlic anterior resection, or Hart- 
man procedure, of dividing the bowel at a safe margin below the growth, 
llicn turning ui the rectum and bi-inging the proximal loop out as a 
Iiermauent colost omj^ The former will carry a higher mortality and 
a louei cm ability rate, in my opinion. In the very obese patient and 



o The suture passes first throu^Ii the anterior fascia muscle, peritoneum 

^ (Fiff. 2a) and again through tlie anterior fascia in the same direction ((Fig. 2&). 


frequently in eases of a very short sigmoid, the operation is mechan- 
ically impossible particularly if one is keeping curability as the fore- 
most indication of the operation. The latter is a more radical resection, 
the mortality ivill be lower, and the curability higher. In this particular 
I'll would base ihe decision on age of llie patient alone. In the 
I would do an anasiomosi.s and preserve llic eonlinnily of the 
young ' ^ J aiiiorior rcspclion 

S dimiuute tic two other snrgicol ,„-oco<I„rcc. 
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Dixon® lias been advocating resection and end-to-end suture on lower 
lesions, even bordering on tlie peritoneal reflection after a colostomy has 
been done in preparation. Time only will tell whether the moidalitj^, 
morbidity, curability, and prolonged hospital stay justify the procedure. 

My views upon the choice of surgical procedure for cancer of the rec- 
tum have long been known. As I first lielieved with firm conviction 
even though with temerity, I am now more convinced than ever that 
the procedure of choice for this lesion and those in the rectosigmoid, as 
I interpret it, is the one-stage abdominoperineal resection, the Miles’ 
operation. It offers the best hope of cure, the lowest mortality and mor- 
bidity, and the greatest palliation of all procedures. In a series of over 
600 eases the mortality was 7.2 per cent. Since October, 1941, until 
May 1, 1943, we completed 128 consecutive eases without a single fatalitj*. 
It must be apparent from this number that bad risks were given a 
chance as well as good risks. The patients in eight cases had liver in- 
volvement at the time of operation. Twenty-five had arteriosclei’otic 
heait disease with hypertension; five had had coronary heai't disease; 
four had diabetes. Twenty-seven had had previous abdominal opera- 
tion, which, in general, is a complicating factor. The total hospital 
stay in this entire group averaged twenty-two and one-half days. Only 
ten had a stay of over thirty days. Tliere were no disruptions, and onlj’- 
two abdominal wounds were infected. Attention has been called to 
this before® and has been attributed to the figure-of-eight alloy steel 
wire closure (Fig. 2). Elimination of infection reduces mortality and 
morbidity to a very low percentage which increases the scope of oper- 
ability. To include those with metastatic lesions will of course decrease 
the curability rate. That makes little difference. We will make more 
people comfortable for a longer period of time. 
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OARCINOSrA OP THE COLON 


Akthub W. A;.lr.v. Bosrox, Mass. 

(Prom Die Surgical Service, MassacJmsclis General Eo.tpHal) 

ARCHSOI\IA of the colon occurs with sutYicienl frequency to make it 
<i sul)ject. ot interest at any time, TJie increasing awai’eness of this 
incilad.\ iias come about tlirougJi educational methods affecting both 
tlie medical profession and the public. The symptoms of this disease 
may he insidious to a point of complete hopeIessne.ss, but are usually suf- 
ticiently chai’aeferistie to cause the ^detim to seek investigation at a 
curable stage. Not only is the extirpation of the lesion possible in the 
lua.jority of instances, but the survival j'ate is high. When one compares 
the outlook with cancer elsew])e2'e in the bod.y, it is obvious that the 
colon represents one of the most favorable sites for cure. 


The •phy.'iicmi to whom the patient appeals must exert every effort 
to make a diagnosis. This j’esponsibility is too often delegated to the 
roejitgenologist. The latter may liave 210 help fi’02n the physician or 
from the patient regardi22g the simiptonis that hare initiated the study. 
This may lead to a negative report, which often has a mar’ked bearing 
on the ultimate outcome. The patient is e22titled to a eai’eful considei'a- 
tion of abdominal discomfort, chanae in bowel habit, loss of blood from 
the bowel, fatigability, anorexia, and weight loss. A satisfactory history 
a2id a careful physical examinatio22 may afford only enough evidc22ee to 
warra2it fuifber study. It is 22ecessa2y to coi 2 sider repeated investiga- 
tions, setti2ig a time-limit inteiwal of 0220 mo2it]2, a2id the probability of 
a. better opportu2iit.v for a correct deduction if the patient is hospital- 
ized. Onty by such methods ea22 one expect to make the diag2iosis early. 
The miportanee of eaily diagnosis cannot be overemphasized, since it is 
directly related to curability. The average delay betwee2i onset of s.tnnp- 
toms and hospital admission in our clinic was eight months.^ This is 
too long, and eve2y effo2‘t 2112151 be made to deci’case it. I am sure that 
the operabilitj' and cui'e i-ate will 2-ise tremendously if this interval can 


be reduced. 

The diagnosis of eareinonia of the colon having been established, the 
patient has the right to expect relict from his disorder. This can he 
broun'bt about only by sni'gery, which he can further expect iviJl he 
ompatible with life, extiipation of his disease, and the restoration of 
r health Although the necessary steps arc often disagreeable to a 
”oint of feeling that the cure is worse tlian the disca.s'e, the end 2’c.snlt 

— tjiircical service, Massachusetts General Hospital ; Iceturcr In 

Chief Medical Scliool. 
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should warrant cooperative effort on the part of the patient. The out- 
look, without surgical interference, is hopeless and if this fact could be 
properly linked with the probability of cure, less would be said con- 
cerning associated discomforts. Most of the fear and dread of the entire 
procedure can be eliminated by a careful explanation to the patient and 
his family of the program to be undertaken in his behalf. 

The surgeon, to whom a patient with carcinoma of the colon is re- 
ferred, has definite responsibilities. In order to fulfill his obligation 
to the patient, he must evaluate the entire situation with care; the gen- 
eral condition of the patient, his systems, obesity, anemia, and nutri- 
tional state must be considered. The time element of preoperative study 
and preparation will vaiy but, too often, the patient and his family, by 
their anxiousne.ss "to get it over," precipitate surgical interference be- 
fore the optimum time for surgery has arrived. According to the site 
of the lesion and the amount of obstruction ]>resent, the manner of 
handling the situation to the best interests of the patient are varied. 
All authorities agree that in the presence of acute obstruetioir, the im- 
mediate operative procedure must deal ndth that phase only. An at- 
tempt to extirpate the diseased segment, at this time, rvould be attended 
by an unreasonable risk. In the absence of obstruction, the surgeon may 
elect to handle the case in tlie manner that his own experience, added 
to that of his predecessors and contemporaries, predicates the best 
chance for an ideal outcome. This may be in one or more stages, since 
every surgeon must carry out the method in which he has the greatest 
confidence. 

opr;R.\mniTy ok RE.SECT.Ar.iLn’Y 


Attitude regarding operability has changed with the gradual improve- 
ment in surgical principles. A proJ)erl^' prepared patient subjected 
to surgery under ideal conditions will withstand proeedures of such 
magnitude that operability has been extended to a debatable degree. 
There arises in our minds, at timc.s, considerable doubt concerning the 
justification of effort expended. Many of us have suifieient confidenee 
in the scientific .safeguards of modern surgei’y to feel that any lesion 
not involving vital structures, which is movable after e.xposure, is re- 
sectable. This often leads us into complicated dissections necessitating 
the inclusion of ncighhoring structun's that liave become invaded bv 
the direct extension of disease. All admit the importance of removin'o- 
the vascular and lymph area supplying the region of the primary lesion” 
this, fortunately, is all that is needed in the majority of ea.s'e.s. It should 
he eiiipliasized that such a dissection is even more important if the focus 
is small and the lymph nodes seem to he uninvoivcd, since it is in this 
group that we find our most favorable eases for cure. On the other 
haml, some liave (piesf ioned the justification of a radical operation in 
the presence of liver metastases. Although, at times, I have felt dis- 
couraged about the o.xtcnsivc effort expended in some instances and, in 
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act, liave witnessed a difficult convalescence followed 1 ) 3 ' a respite of 
such short duration that obviousty poor judgment had been used, 3 'et 
wo liave seen man 3 ' incredible periods of good health and happiness fol- 
ow resections of great extent, some even in the presence of liver metas- 
tases. It is this t 3 'pe of respite that has influenced surgeons to attempt 
the impossible and not for tlie reason I have heard quoted, “to perfonn 
a surgical stunt.” 

Segments of the parietes are now so often included in the block dis- 
section for malignant disease of the colon that one no longer considers 
this as unusual. Lesions that have perforated to form abscesses invoh’- 
ing the retroperitoneal area or the abdominal wall are compatible with 
curative surgery. Contact areas involving a ureter or kidne}-, the du- 
odenum, stomach, small intestine, pancreas, spleen, edge of the liver, 
gall bladder, uteims and adnexa, urinary bladder, and other segments 
of colon can often be removed successfully. The mortalit}', under these 
conditions, will be higher than if one adopts the attitude that cure is so 
remote that the effort is unjustifiable. The moi’bidity will, of necessity, 
be greater and the patient may wonder whether the effort to live is 
worth while. The cure rate in one’s statistics will be decreased propor- 
tionatel}’' b 3 ’' the inclusion of these extensive operations. On the other 
hand, a radical attitude has much to commend it. Not onl}' does the pa- 
tient have his best chance for a comfortable respite and the possibility 
of a cure, but the surgeoir implants in the minds of his pupils the correct 
viewpoint toward the increasing scope of surgeiy. 

In a previous communication,* w'e reported 107 consecutive cases 
of carcinoma of the colon in the regions requiring abdominal ap- 
proaches, personally treated. Tlie resectabilit 3 ' in this group was 93.6 
per cent. Since this time, w'e have operated upon patients in 79 ad- 
ditional cases, finding 10 inoperable or 87.4 per cent resectabiiit}*, ■which 


shows that in patients referred to us the operable rate did not increase 
from 1939 to 1943. During this period a run of five lesions, originating 
in the right colon wdth such widespread metastases that only palliative 
ileoeolostomy could be done, largely accounts for this variation. It 
gives, however, an overall resectability' in the 186 eases of the combined 
groups of approximately 91 per cent. 

I am sure there arises in the minds of some a doubt concerning the 
proper use of the term “operability.” Should this term be used for 
resections that include all obvious disease and only when there is no 
evidence of liver metastases, unremovable nodes, or contact disease in 
neiffhhoring structures? The word “operable” is apt to imply cure 
1 j-iU few of us -would fail to extirpate all obvious disease, knowing 
Tn Lll that the chance of remote extension was likely. One does not 
^ j + Upfieve too strongly in the possible retardation of metastatic 
remoring the primary focus. We have all seen long, corn- 
areas 0} ppder these circumstances. These periods of relief are 

fortable respne 
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far nrore luarlied foUovring soccessfoi extirpation of the primary disease 
than from palliative short-circuit anastomoses or proximal colostomy. 
Death from recurrent disease, espeeiallj' if it occurs in the liver, is as- 
sociated -with fewer discomforts than it is when the primarj- lesion is still 
in situ. It seems to me that there is sufficient cause for confusion that 
we might do well to substitute the terra resectability for operabUity. 

JIORTALITY 

Any patient failing to leave the hospital alive, regardless of the time 
elapsed following operation, should be included in the failures of treat- 
ment. There are many ways of juggling figures to improve the facts of 
the situation but there seems no reasonable concept other than to in- 
clude all postoperative deaths in the percentage values. In a clinic, 
such as ours, there niU be a few moribimd patients admitted, due to the 
accessibility of the institution to the community. If these are subjected 
to a palliative operation for obstruction or drainage of infection, they 
must he considered as surgical deatlis if they fail to leave the hospital 
alive. Operahilitj' and mortality are closely related and if one fails to 
take into consideration the average tj-pe of patient seen in a large gen- 
eral hospital, as compared with those able to obtain private service, then 
figures concerning both groups are of less importance. Certainly, a 
larger percentage of favorable cases are seen hi our private wards than 
in the general hospital. This definitely influences the operability and 
the mortality. Comparative values are possible in such a clinic on the 
basis of the tJTJe of operation done, since a variety of methods have been 
used. That deductions are nsefnl, when applied to similar institutions 
only, is obvious. The results obtained in the private-patient group are 
likewise comparable only to similar groups elsewhere. 

In the personally managed cases refen-ed to above, 83 of the 186 pa- 
tients died in the hospital, or an overall mortality rate of 18.8 per cent. 
This meludes those whose lesions ivere not resectable. The operative 
mortality percentage can be made more attractive by eliminating the 
deatlis in the inoperable cases and those deaths not directly related to the 
colon lesion or the operation undertaken to remove it. If our last group 
of 7D cases is analyzed in this respect, wc find that of the 44 with re- 
.seetablc lesions of the left half of the colon only 3 patients died, a 6.8 
per cent mortality. These deatlis were in a G4-year-old woman who sur- 
vived 38 days following resection of sigmoid, a portion of small intestine, 
and a total hysterectomy; a 57-ycar-old man who survived 30 days fol- 
lowing r'e.scotion of descending colon, pari of the stomach, and the 
spleen ; and a G9-ycar-old man who died from a cerebral accident 6 davs 
following resection of the splenic flexure. 

In the 25 patients with resectable lesions of the right and transverse 
colon siiitahlc for right colectomy during this 4-year period, there were 
10 deaths. One of tiw.se was a two-stage right nml transverse colectomy 
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iincl death was due to ]ieritoniti.s'9 days following- the second stage. 
Autopsy showed an abnoimality of the blood supply to the transveree 
colon accountaiig for ucciusis of the turned-in segment. A 63-year-oId 
Yoman died as a result of small bowel obstruction occurring between 
stagc.s of a right coleetoiny for an extensive obstructive lesion of the 
hepatic flexure. This precipitated the second stage at too early a time, 
so that the heiiofits of the deeoinpvessmi were lost. The other S deaths 
wcie uiuelated to technical procedures. A 76-year-oId woman died of 
caicinomatosis 60 days after extensive resection, which included a seg- 
ment of duodenum ; a 51-year-old man died of subacute bacterial endo- 
carditis 4S days after operation; a 63-year-old man, of gangrenous gall 
bladder with perforation 44 days after resection; a 74-year-old woman, 
of coi'onary occlusion 14 days post operatively ; a 73-year-oId woman of 
pulmonary complications after 21 days, and a 43-ycar-oId man died of 
coronary oeelusioii 8 days after a one-stage right and transvei-se colon 
including the splenic flexure. There were 2 deaths following the first 
stage in resectable lesions— one of tlicse was in a 6S-year-old man with 
advanced cirrhosis of tlie liver who succumbed in 5 days from liver fail- 
uz’e; the other was in a 75-year-old man who had surnved a two-stage 
resection of the sigmoid 2 years previously and had recently suffered 
a coronary occlusion (further coronary thrombosis occurred 5 days after 
ileotransverse colostomy) . 

Five of these deatlrs occuri-ed in patients whose primaix lesions wcin 
situated in the hepatic flexure. It is always dangerous to report a run 
of successful eases unless it is of sufficient length. In our previous 
repoi't, we irei-e foolisli enough to call attention to 22 consecutive J-ight 
colectomies in two stages without a death. It is of interest to us to find 
that in the last 67 resected lesions, there were only 2 deaths attributable 
to technical difficulties. 


jrOKBIDITY 

It is difficult to analyze our figures on tlic basis of morbidity. This, 
as a whole, i-epresents a group of aged patients, many of them suffer- 
ing from complicating disorders. It is desirable to nttcmjit to im])rovc 
their general condition before subjecting them to any operative pro- 
cedure. This may not l3e possible, since acute obstruction or infection 
often makes an early attempt imperative. Although associated diseases 
account for many of the fatalities, it is to be remcml)ered tliat many of 
the survivors also had serious concurrent maladies. This would be ex- 
pected in any lesion affecting an older age grouji. 

The time spent in the hospital hardly i-eprc.scnfs a fair estimate of 
rrtv ret it seems to be the only tangible evidence available. It 
1 rie nossible to search out the duration of invalidism ])rinr to hos- 
migm 1 attempt to determine th.o furlbcT- convalcs- 

litabza ion . occupations. This woi 
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mendously, depending npon so maTiv factors of age, sex, type of rvovk, 
and the necessity for it, that it liardly seems feasible. lilany of the 
individuals seeking relief have worked up to the day of admission, while 
othere have long been retired. That a large percentage of the survivors 
do return to their usual occupations is evident. 

One may attempt to analyze morbidity on the basis of cost of hospital 
care. This would entail the details necessary for modern surgical care 
and would include blood transfusions, expensive drugs, oxygen, and 
special nui'sing service. Although the private ward patients often are 
permitted luxuries in this respect, none of the General Hospital pa- 
tients are rc.stricted in these matters if sneh additional aid may make 
the dift’erence between recovery and death. That useless expenditures 
in iiopeless eases are often indulged in cannot be denied. There is, how- 
ever, an educational clement for the resident iiersonnel that justifies 
these procedures to some extent. 

Based on oiir own 93 cases in the past 5-year period, we find that pre- 
operative preparation averaged -f days. This is a short period due to 
tile fact that even iti those wiio did not have marked obstruction, a pre- 
liminary decompression of the iiowei was the rule. The time interval 
between stages averaged 11 days. The total average time for ho.spital- 
ization of the survivoi-s was 39 days. In the General Hospital group for 
the same period, the prcoiierative da.vs averaged 51o. Tlie total days 
for the survivors averaged 44. All these figures include time necessary 
for the final closure of preliminary eoiostomies. Host of tlie eeco.stomies 
were of the type that spontaneously closed,- 

That a shorter term of hospitalization was obtained in the patients 
subjected to one-stage jirocedures is admitted,^ The increased mortal- 
ity in the one-stage group, liowever, far outweighed the added morbidity 
in the two-stage grou]). At lu-csenl, there i.s a definite tendency with 
the aid of preliminary succinylsulfathiazole and the Hiller-Abhott tube 
to inere.a.se the miniher of one-stage operations. This may malcriallv 
decrease morbidity., K only remains to ho seen whether or not these 
measuro.s will ofiscl tiu> safeguard our patients have had from two-stage 
oiicrations. h may well become evident that wc .should include tliese 
precautions in adiiifion to multiple stage procedures, thus further re- 
ducing mortality. The average added morbidity in the multiple sta«-c 
procedures is, in fael, a matter of le.s.s than two weeks. 

srituir.M, nitocEDURES 

Consideratiou of surgieal procedures for cancer of the colon involve.s 
the following general priiieiple: Kii-st, the patient’s life mn.st he .safe- 
guarded ,-ii)d second, the i)atiei)fs health must he restored. One can 
eircumveni the fust principle by doing only the most pnlUntiyc opera- 
tion to relieve the syiniitoms temporarily, or it is possible to ado]d the 
altitude ih;it radical ojieration carries .such a great liazard that it is un- 



35G 


SURGERY 


justifiable. Both of these concepts are wrong and should be dis- 
couraged. It IS deliglilfully cnliglitening to find that in this communit}' 
a arge number of excellent surgeons meet this problem so seldom that 
t lej'’ ee ineompelent to do a good operation for cancer of the colon and 
re er the patient to a clinic, where so many such cases are treated that 
an adequate understanding of the situation gives the patient a fair 
chance. These honest men inspire the confidence of their patients and 
the lespect of their collcaguc.s, Avhilc the surgeon who fails to recognize 
his limitations has neither. After all, there are estimated to be approx- 
imately 15,000 eases of cancer of the colon in the United States in one 
jear.'* If these are parceled out equally to all surgeons, no one man 
Avould hai'e sufficient experience to deal with the case properlJ^ The 
present attitude coneerning the matter concentrates these patients in the 
larger teaching clinics. This serves the purpose of dermloping the best 
methods for successful treatment. 

There are a rmriety of ivell-thought-out operative procedures for pa- 
tients Avith colon cancer. Stress has heeen placed upon the importance 
of early extirpation of the gi-OAvth. This is indeed desirable from the 
standpoint of the mental state of the patient and the conAmnience of the 
surgeon. Those avIio champion one-stage procedures are apt to laj' great 
emphasis on the benefits derived from prompt removal of the diseased 
area. It must be recognized. hoAA''eA''er, 'that too much urgency in this 
direction may result in an unsuccessful outcome. Jlost of these groAvths 
produce a certain amount of obstruction. All of them are grossly in- 
fected. A combination of obstruction and infection presents a prol)lem 
that has long been recognized as a serious hazard to abdominal surgery. 
Many nonresectable lesions can be made operaljle by preliminary boAvel 
drainage. Considei-ation must be given to exteriorization methods, as 
Avell as to one- or tAvo-stage procedures Avith anastomosis. So-called 
aseptic anastomosis versus open sutui-es must be discussed. Adjuncts 
to successful operations, such as proper preoperatiA'c preparation, chemo- 
therapy, and the Miller- Abbott tube, will he taken up later. Since 
there is considerable difference in the raortalitj^ rate in the extirpation 
of malignant growths in various segments of t])e colon, it is desirable 
to discuss these regions separately. 

The right colon is invohmd in about 25 per cent of the patients com- 
ing to our clinic. The disease in this area may fortunately manifest it- 
self reasonably early by bleeding, by inteimiftent discomfort in the right 
loAver quadrant, or by intussusception, .fbicmia and fatigability may 
lead to investigation that discloses a right colon lesion, hlany of thcau 
ses hoAVever, produce none of tlicse sjmiptoms forcibly and due to the 

1'al elasticity and large caliber of this segment, obstruction is a late 
station. In spite of this, it appears that surA-iA-ois have a better 
marate ^vhose lesion affects other rcgioiis of the hoAveb 

chance to anatomic arrangement which makes it easier 
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to include tlie entire vascular and lympli node area in the resection. All 
agree that tiie logical procedure must include the terminal ileum and the 
right half of the transverse colon. The operative mortality, however, 
remains greater on this segment than elsewhej’e; 

A group of 83 eases has been reported by ilayo,® with a mortality of 
8.4 per cent. He prefer.s a one-stage procedure with open anastomosis. 
In the presence of obstruction, occurring in a small percentage of his 
cases, a two-stage modification was used. Doubtless, his preoperative 
preparation is excellent and one must bow to his surgical technique and 
to his judgment in the selection of cases for the proper procedure. In 
the hands of less experienced and less skillful surgeons, this method of 
attack would he associated with a mortality rate of approximately 20 
per cent. 

Lahey and Sandei-son® have championed a Miluilicz tj-pe of resection 
as a primary operation. The closure of the originally complete ileal 
fistula is enhanced by an approximation suture between the colon and 
small bowel. The operation for final closure of the fistula requires a 
•short period of hospitalization. In 112 resections for cancer by this 
method, they report 19 deaths, a mortality rate of 17 per cent. This 
procedure has been so well liked by this group that they have preferred it 
to all others. It does allow an immediate dissection in a vii'gin field 
and has that same advantage of a one-stage resection with anastomosis. 
It eliminates the danger of anastomo.sis added to the resection. Al- 
though others have found the complete ileal fistula such a serious prob- 
lem that they have abandoned this type of operation, there are doubt- 
less many tricks learned by experience to lessen this liazard. 

Stone and HeLanahairi prefer a one-stage resection in the absence 
of complete obstruction and .stress immediate aseptic anastomosis. In 

16 patients treated in this maimer, there were 3 deaths. 

G'arloek and co-workers,' in their excellent analy.sis of their colon 
cases, report 7 completed two-stage riglit eolcetoniies without a death, 
while other procedures iueluding iionre.seet.ahle lo.sions brought their 
total mortality in 30 eases to 33 per cent. 

Jlclvittriek” ivqiorls 11 one-stage right eoleetomies with 3 deaths and 

17 two-stage procedures with 1 death. 

I'' analyzed the results at the AlassaeUiisetts (leucral lIos)iital between 
1925 and 1936 and found that one-stage re.scctions produced a mortalitv 
rate of 20.5 per cent in 73 eases, while IS two-stage operations done by 
the same group of surgeons in poorer ri.sk patients resulted in 2 death's 
or a 11 per cent mortality. Tiiis caused me to advocate the two-stage at- 
tack ami I still lielieve it is the safest ami most logical procedure. 

There arc certain le.s.sons that we have Icnrntd that ai-e tvorlh record- 
ing. In the fii-st place, it is well to delay tlie lU’climinary ilcotransver.se 
colostomy until the jiutiont is in the best preoperative' condition that 
can he obtained. Preliminary use of snceinyl.snlfathiazole and the 
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Table I 

CAnnxoitA OF Colon"’ 



coloctoiiiics 

13 

Left coleetomie.'it 

i IG 

Total resectability of 

29 

stage ofjcrations 



Other resections^ ~ ’ 

Not resectable J7 >-13 10 

Grand total (Resectability, 91 perl^cii t) ' 186 35~' 

Exclusive of carcinoma of the rectum. Pei'sonal cases, 1025-1012, 
tlncludcs 2 deatlis after first stagre rvhen 2-stage procedure was planned. 
^Gomplemontary cecostouiy was done in tliese l-staffe operations. 

transverse colectomies not done with rig^ht or left colectomies, obstn 
lescctions, turn-out operations, and combined abdominoperineal resections. 


Millei'-Abbott tube are reeoimncnded. Aseptic anastomosis of the 
modified Parker-Kerr tyjie ]ia.s, in our liands, been satisfactoiy. Tlie 
objections to two operations are not too convincing. They arc often 
a safeguard for the patient and, after explanation, are always accepted 
by them with little complaint. The so-called double opportunity for 
surgical complication has not proved to be such a menace as is so often 
quoted. There can be no doubt that the first oiieration increases the 
technical difficulties of the second. We have also had one fatal ease, 
mentioned above, of obsti’uction of small bowel hvm hewnation through 
the trap left by the preliminary ileotransvorse colostomy. Other non- 
fatal obstructions have occun-ed and have, at times, hastened the second 
stage. The Jliller-Abbott tube has Irecii helpful in preventing and deal- 
ing with this eom])lieation. One may make this trap lai'gez’, and there- 
fore less likely to permit obstruction, by placing the amistomosis more 
than 12 inches from the ileocecal valve. After trviiig division of the 
terminal ileirm at the time of anastomosis, we have abairdoned it because 


the cut, fat edge of the mesentery producc.s a hazai’d by ;iffoi'diiig fin op- 
portruiity for the small bowel to become fixed to it between stages. An- 
astomosis in continuity should be done with the ilermi lying witiioiil tor- 
sion or tension again.st tlic center of the lran.s\er.so colon. This allows 
for a better closure of the ti'ap and a smooth peril onealfiiat ion of the in- 
ner side of the cut me.sentcry at the second .stage, llins lediieing (0 a 
niinimrrm the opportunity for nlfimatc .small bowel ohst ruction. After 
tl second stage, it is rarely possible to 2 H‘riloneaJize adef)iiiitely the 
Mt o-utter Therefore, we routinely drain this area flirougii a stab 
riglr gu Tills hfis proved .satisfactory and I'anly have we 

wormc m i-esidnal ahsee.ss in this region. I'firioiis methods have 

been lace rmna^e the larrrc, often infeefed, dentl space i-esiiltirig 

been suggested to man ,, 
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from resection of an extensive growth in this region. Sulfonamides and 
drains of one kind or anotiier have been used. Eccently, Jones and his 
associates’*’ advocated the itikuliez pack for this purpose. 

The transverse colon lias been involved in approximately 11 per cent 
of the eases we have studied. If the lesion is in the ])roximal third of 
this segment, we believe it ean be be.st treated by the method used for 
the right colon. On the other hand, if the mid-portion of the gut is 
involved, we are convinced that preliminary ileocolostomy is disad- 
vantageous. First of all, in this region one may not get an accurate 
idea of the extent of the lesion by roentgenograms. After exploration, 
it is well to have in mind various ojicrative procedures. Due to the 
often heavy greater omentum, this segment lends itself poorly to ob- 
structive resection. Resection with aseptic suture in one stage has 
much to commend it. Stone and McLanahair had only one death in 
16 consecutive cases of transvense colectomy treated in this manner. 

If obstruction is present, one may use preliminary ceeostomy to 
advantage in lesions beyond the midcolon. The danger of applying it 
may be that the lesion cannot be accurately localized so that the cecos- 
tomy handicaps the final procedure. Preliminary ileosigmoidostomy 
may be considered. This may lead to an unnecessarily wide resection 
or may ultimately leave behind sizable defunctioned segments of bowel. 
Under no circumstances will 1 concede that pi'climinary tube ileostomy 
is justifiable for obstruction. If ileostomy under these circumstances 
mu.st be indulged in. it must be complete and placed low in the abdomi- 
nal wall. In these regions, it is apparent that intelligent preliminary 
use of the lliller-Abhott tube will find great usefulness. 

In addition to the objections already .stated to the stereotyped two- 
staged operations for lesions of the middle or distal thirds of the 
transverse colon is tin' very humiliating experience, quoted previouslv. 
regarding the abnormality of the blood supply to this region. Appai'- 
ently, the usual anastomotic artery arising from the inferior jnesenterie 
is not always present. If the re.section is done in a virgin field, it 
would he easier to determine the viability of the bowel ends even in 
the presence of an abnormal fat deposit. 

In the distal transverse, splenic fl/.rur(, and upper descending colon, 
We Imve an iileal situation for |>rcliminary ceeostomy followed by resec- 
tion and aseptic anastomosis. The resection is often best accomplished 
through some mnditication of the transverse incision. In obese pa- 
tients. this is ])artieiilar!y heljiful. One may. with justification, prefer 
ob.struetive re.section in this region. Immediate resection with anas- 
tomosis without in-climinary drainage appears to lie more hazardous 
in this segment thati in others. It has been our experietiee that ob- 
struction is more common in the splenic tlexure than elsewhere in the 
bowel. Contiguous strueture.s. such ns the tail of the pancreas and the 
spleen as well as segments of small bowel and the futuhis of the 
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stomaeJi, are often involved. This means that preliminary decompres- 
sion IS even more imperative in tlii.s region. The site is rare but ap- 
peai s to 1 epresent a good one for cure, since inetastases occur late. 

The descending colon, being a straight tube, is invaded by cancer vitli 
l^css frequency than any oilier segment of its length. In our cases, only 
. per cent tvere in this region and this figure includes the splenic 
exure. ^ Representing one of the fixed areas of the colon, one cannot 
exteriorize the segment involved ivith the same ease that is met in the 
sigmoid. ^ iMobilizatioii, hov'ever. is not difficult and can be enhanced 
by dividing the suspensory ligaments to the splenic flexure. Obstruc- 
tive resection can be aceomiflished if proper effort is made to free the 
lateral attaelmieiits. This method has been popular and, if properly 
done, gives a satisfactory result. Preliminary cecostomy, followed in 
approximately 10 days by resection and aseptic end-to-end anastomosis, 
has been the method of choice in our hands. When one includes the 
efforts expended in closing the eolo.stomy following obstructive resec- 
tion, there is little choice on the basis of morbiditj". Although an 
oeeasional preliminary tube cecostomy may heal slowly, it rarely re- 
quires surgical closure. In the absence of obstruction, one may elect 
to do resection and suture with or without complementary cecostomy. 
If no cecostomy is used, one should take advantage of the preliminary 
and postoperative decompression afforded by the Miller-Abbott tube. 
Complementary eecostomies heal more promptly than preliminary 
cecostomies. This is due to the use of a smaller tube and the shorter 
period of need for it. # 

The sigmoid represents tlie most frequent site of cancer in the lai'gc 
howel, 53.9 per cent hi our series. Tortuosity, favoring stasis, may be 
the chief reason for this. Bleeding and earlj^ signs of obstruction 
occur with great frequency. Although the operability iii this region, 
is high and the operative mortality is low, the cure rate of survivors 
is considerably less than it is in the right colon. Lymphatic .spread 
and earlier liver metastasis probably account for this discrepancy. 

Manjr patients with these lesions present themselves with complete 
obstruction. In order to i-elieve the acute phase of this complication, 
many methods have been suggested. The simplest and safest of these 
is cecostomy, which, if done promptly and with proper technique, is 
speetaeulai’ in its immediate effect. If the growth is large or has 
produced an abscess by perforation, it is often necessary to follow 
Leostomy a few days later by complete transverse colostomy. The 
thod of Devine'^ has met with considerable popularity in fbi.s 
- Having tried this a number of times in our clinic, we And if 
r^^'l,?ffieient dis'advantages to offset those of .simple loop eolo.stomy 
-t been practically abandoned by most of our staff. If is neees- 
anditiia infected bowel until the inflammafory re- 

sary, ..efficiently to allow a thorough cleansing by repeatcrl 

action subsiae • „<tpnint is made to resect the primary disease, 
irrigations before an atten p 
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That safety and operability are increased by this procedni’e, there can 
be little doubt. The only price paid for these advantages is the in- 
creased morbidity of additional hospital days. 

Although the majority of growths in the sigmoid produce some 
obstruction by the time the surgeon sees them, many can be made oper- 
able without preliminary deeorapre.ssion. Often the bowel can be pre- 
pai’ed by catharsis and enemas. The laxative effect of succinylsulfa- 
thiazole is .spectacular. While the patient is receiving adequate prepa- 
ration for surgery by increased A'itamin intake, restoration of fluid and 
chemical balance, the bowel can be made a safer structure for surgery. 
Although it is the feeling of some that nothing more than such prepa- 
rations are necessary l)cfore re.seetion and immediate suture, a large 
number of surgeons prefer some form of preliminary decompression if 
suture is contemplated. Whipple’- and Cave’^ have had a satisfactory 
experience Avith the use of the llillei’-Abbott tube for decompression in 
some colon lesions, particularly the right. At this Avriting, I per- 
sonally prefer a routine preliminary tube eecostomy folloAved 10 daj’s 
later by resection and aseptic ana.stomosis. If one prefers the obstruc- 
liA'e resection of Rankin in the left colon, there Avill be no need for 
preliminary decompression saA'e in those patients Avho haA-e complete 
obstruction on entry. The use of a small catheter vent in the proximal 
segment, placed near the clamp, has been found helpful in many eases 
Avhere obstructive resection is used. 

If, on exploration, one finds a lesion that Avould be best treated by 
proximal decompression, there is little excuse for the often used sig- 
moidostomy a fcAv inches above the groAvth. This procedure compli- 
cates the ultimate resection tremendously. If, under these circum- 
stances, the surgeon Avould make a small transverse incision high in 
the abdomen and bring out a loop of transverse colon, closing the 
original incision without drainage, he would greatly enhance the ulti- 
mate curative procedure. 

Often one meets the situation of a Ioav groAA’th in the sigmoid that 
requires a change of plan. If the extension has iiiA'oIved the pehic 
floor, one usually finds that combined abdominoperineal resection is 
the safest and easiest procedure to use. There are. hoA\-ever, tAvo 
definite alternatives in selected eases. In the elderly poor-risk patient, 
one may do Avell to eonsi{ler the “turn-out” operation as practiced by 
1). F. Jones.” This consists of sectioning of the boAvel beloAv the 
groAvth and turning it in as a blind rectal stump. The tumor and 
mesentery are removed leaA-ing an end colostomy. Care must be taken 
to leave the closed segment above the peritoneal floor. If this is not 
possible, one must establish drainage in the ischial fossa from the 
l)crineum. One .should be especially careful lierc to add the procedure, 
advocated in all bowel resections, of adequate dilatation of the rcetai 
sphincter or a division of the .sphincter muscle. It is possible after the 
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tui-n-oiit operation to re-estaWish coiitimiity of the hoM-el at a later 
date but iisnally this is not practical. 

The other possibility, and one more frequently used, is a low anas- 
tomosis at the time of resection. This is greatly enhanced by a pre- 
liminaiN complete transverse colostomy, since this is the best luetliocl 
to allow proper preoperative cleansing of the bowel. In this region, 
aseptic anastomosis is more difficult and a well-p2'cpaj'ed segment adds 
to the safety of open suture. Rankin has advocated the stepping down 
of the t^clvie floor to allow this low suture to come within the peri- 
toneal eavitj* and when po.ssihle this should be done. Stricture, requir- 
ing tedious dilation, results if the anastomosis is placed l)e]ow the 
pelvic floor. 

GEXER.VL COXSIDER.VTIOXS 

GJicmoiherapij is at the moment in great favor and Jinicli is still being 
learned about this tremendous aid in colon surgery. Intraperitoneal 
use of sulfanilamide has bee?) i-eceived enthusiastically. E.xperiencc 
has shown that this drug may be detrimental to the liver when so used, 
since it is so rapidly absorbed through the portal system. This has led 
to a reduction in the amount of the drug used in this ?nanner and to 
the consideration of preliminary use of sulfadiazine to an adequate 
blood level. Also, through the I'eseareh of Poth,'^ there has been de- 
veloped succinylsulfathiazolc. This drug has many advantages in the 
preparation of patients with colon lesions for operation. It is sup- 
posed to be poorly absorbed into the general circulation and to have 
the effect of reducing the bacteidal count of the colon conteiits. It 
further pi-odiices a laxative effect, which is advantageous in those 
cases. The daily dosage is woj'ked out oji the basis of kilogi’ams of 
bodj^ weight which ?iU2st be n)odified i?? obese patients. The prelimi- 
nary use of S Gm. per day for five days in the average adult isperliajrs 
a good general rule. tVe have been entbu.siastie regarding the unusunll.v 
smooth convalescence i?i combined abdominoperineal resection follow- 
ing its use. 

Piror'® has called attention to the tendency of bleeding from the 
tumor folloAving its use. We have observed this complication in at 
least 3 patients in a small experience; in none of these was the hemor- 
rhage of a dangerous degree and all took place on the fifth day, or the 
dayV'ior to the planned operation. In mie instance, pctecliial Iiemor- 
rhages of the brain, as well as generalized gastrointestinal bleeding, 
ocerirred postoperativeiy which, we believe, contributed to the pa- 
tient’s death. The prothrombin time in this patient was not appre- 
ciatively elevated. It is fair to say that intravenous penfofhal .sodium, 
used as* an ad.iuvant anesthesia in this case, may have played a role 
in the hemon-hagic tendencj-. At post-mortem, a moderate amount 
of local infection Avas found near the operative site, ^\^hkh had fob 
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lowed an open anastomosis in tlie sigmoid. This is the onl 3 ' instance in 
which we have beeii able to obsciwe the local area following its use, Init 
we have been impressed by the lack of clinical evidence of intra- 
peritoneal infection in all other cases. 

Although we belicA'e that proper use of the sulfonamides will prove 
helpful in dealing rvith colon surgery, we camrot overemphasize the 
caution that it is to be looked upon only as an aid and is not to permit 
the slightest breakdown in the proved surgical principles heretofore 
established. One may keep the blood level at a satisfactory point by 
the postoperative use of sulfadiazine. Delayed infection may be ex- 
pected under these circumstances. Late abscess formation and Avound 
sepsis, requiring drainage, have occurred occasionally^ in our cases 
following its use. There has been, however, no increase in these com- 
plications and aside from the occasional prolonged convalescence, it 
is a small price to pay for the obvious benefits derived. Pulmonary 
and urinary complications are greatly reduced. 

The Miller-Abbott tube has been helpful in dealing with cancer of 
colon. We have previously referred to Whipple’s enthusiastic report 
concerning its use. Mclvittrick and AVarreiP" liave stressed another 
use, which is worthy of emphasis. When a colectomy is planned, one 
often finds an abnormal interference from normallj^ full small bowel. 
If the Miller-Abbott tube is introduced 36 hours before operation and 
suction has been maintained, one finds the small intestine decompressed 
and fluted on the tube in such a fashion to make it a simple procedure 
to get at the colon with very little need of trauma to the peritoneal 
surface of the bowel. This not only makes the operation easier to 
accomplish but leaves a decompression of the Avhole intestinal tract 
above the suture line. This prevents the occasional ileiis seen follow- 
ing operations of this sort and is, in fact, at times a lifesaving pro- 
cedure if used as an afterthought rather than as a precaution. 

Experience Avith the Miller-Abbott tube causes me to mention these 
warnings. The use of the stylet, as advocated by Abbott'® for intro- 
duction of the tAAbe, is a Iremeudous advantage. If the techirique is 
folloAvecl closely, no harm results and many needless roentgenograms 
are nniAeeessary. The time involved under the fluoroseope is short 
and one knoAA's hoAv much reliance can be placed on the tube. This 
technique is tremendously important iu the presence of o])struction or 
ileus. One may Avait for nature to propel the tube through the pylorus 
wheiA using- the tube for precautionary measures, but never if the need 
for it is inAinediate or urgent. 

Having bad the harroAving experience of not being able to deflate 
an apparently perfect balloon after operation and the need of an 
emergency laparotomy iu the nick of time to prevent a fatal gangrene 
of the intestine in a patient on Avhom a preoperative tube Avas pa.sLd, I 
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tuin-out operation to re-establish continuity of the bowel at a later 
date but usually this is not practical. 

The other possibility, and one more frequently used, is a low auas- 
toinosis at the time of resection. This is greatly enhanced by a pre- 
liminary complete transverse colostomy, since this is the best method 
to allow pro 2 oer preoperative c]ean.sing of the bowel. In this region, 
aseptic anastomosis is more difficult and a well-prepared segment adds 
to the safety of oi^en suture. Rankin has advocated the stepping down 
of the loelvic floor to allow this low suture to come within the peri- 
toneal cavity and when jmssible this should be done. Stricture, requir- 
ing tedious dilation, I'esults if the anastomosis is placed belorv the 
pehuc floor. 

GEXER.VL COIC.SID15RATIOX,S 


Chcmotherapij is at the moment in great favor and much is still being 
learned about this tremendous aid in colon surgery. Intraperitoneal 
use of sulfanilamide has been received enthusiastically. Experience 
has shown that this drug may be detrimental to the liver when so used, 
since it is so rapidly absorbed through the portal system. This has led 
to a reduction in the amount of the drug used in this manner and to 
the consideration of preliniinaiy use of sulfadiazine to an adequate 
blood level. Also, through the research of Poth,’^ there has been de- 
veloped succinylsulfathiazole. This drug has many advantages in the 
preparation of patients with colon lesions for operation. It is sup- 
posed to be poorly absorbed into the general circulation and to have 
the effect of reducing the bacterial count of the colon contents. It 
further produces a laxative effect, which is advantageous in these 
eases. The dailj" dosage is woi-ked out on the basis of kilograms of 
body weight which must be modified in obese patients. The prelimi- 
nary use of 8 Gm. per day for five days in the average adult is perhaps 
a good general rule. “We have been enthusiastic regarding the unusually 
smooth convalescence in combined abdominoperineal resection follow- 


ing its use. 

Firor’“ has called attention to the tendency of bleeding from the 
tumor following its use. We have observed this complication in at 
least 3 patients in a small experience; in none of these was the hcmoi-- 
rhao’e of a dangerous degi-ec and all took place on the fifth day, or fhe 
dav''prior to the planned operation. In one inslanee. petechial hemor- 
fhao-es of the brain, as well as generalized gastrointestinal bleeding, 
occiuTed postoperatively which, we believe, contributed to the ])a- 
• t’ death. The prothrombin time in this patient was not appre- 
elevated. It is fair to .say that intravenous pentothal sodium, 
dative y e anesthesia in this case, may have played a role 

used as • ‘ tendenev. At iiost-mortem. a moderate amount 

in £on.ni nenr I'l.c o,„.,,,tiv,. .i.c, M I„.,l fol- 

of local infection vas 
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6. Eesection with immediate aseptic anastomosis is our method of 
choice for the second stage. The Parker-Kerr type of anastomosis has 
been satisfactory to ns. 

7. Delayed closure of the abdominal wound by Coller’s technique 
48 hours after resection is recommended. 
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Wish to urge that all surgeons request the anesthetist to deflate the 
balloon while the abdomen is open. This, in addition to a careful con- 
struction of the balloon beforehand, may prevent others from encoun- 
tering such a complication. 

Delayed wound closure has been re-emphasized bj^ Coller and Valk.*” 
Although wound sepsis following operations upon tlie colon is not often 
fatal, it does occur in a certain percentage of eases. No matter how 
much care is used in protecting the wound surfaces or how accurately 
instruments and gloves used in the handling of the bowel are discarded, 
there can be no doubt that primarily closed wounds under these eireuni- 
stanees become infected in a greater number of eases than in the usual 
clean abdominal operations. We have used Coller’s technique or a 
modification of it with great satisfaction. The sutures are often tied 
without anesthesia but in the timorous patient, a small dose of pento- 
thal sodium permits the procedure without the patient’s knowledge. 
Pemberton and Black^“ have modified Coller’s technique somewhat and 
report the advantages of the delayed closure in their clhiic. We feel 
that this adjunct to colon surgery should be particularly emphasized 
now, since so much reliance is being placed on the sulfonamides. Not 
only is the local use of sulfonamides in wounds of this kind detrimental 
to healing but delayed wound infection, occurring following the use of 
these drugs, frequently prolongs convalescence well beyond the usual 
period of time. 

SUMMARY AND CONCLUSIONS 


1. Carcinoma of the colon accounts for at least 11 per cent of the 
deaths from cancer in the United States. It is a favorable site for cure, 
when diagnosed and treated early. Purther effort should be made to 
reduce the time interval between onset of sj'mptoms and hospital ad- 


mission. 

2. Eesectabilitj^ should be substituted for the term operability. In 
our own 186 cases of colon cancer, 91 per cent were resectable. 

3. Mortality and morbidity are directly related to resectability. 
Morbidity figures should include time used for closure of fistula. 


4. Immediate removal of the growth is not as important as proper 
preoperative preparation. This includes the use of sulfonamides, 
cleansing the involved bowel, the preliminary use of the Miller-Abbott 
tube, and supportive measures. 

5 Preliminary ileoti'ansverse colostomy with aseptic sutin-c is ad- 
ted for lesions of the right colon and the proximal third of the 
r qe colon. Preliminary tube cecostomy is advocated for lesions 
transver colon. These procedures will increase the rcsccU 

of the ‘ .Qyp of patients, which to our minds offsets the 

ability rate m ui ^ ^ appears to reduce our mortality rate. 

added morhidity. -it 



ZIXXIXGEB AXD HOXWORTH: CANCER OF COLON 


367 


cancer from the Cincinnati General Hospital and the Christian K. 
Holmes Hospital, performed by various members of the resident and 
visiting staffs. A total of seventy patients with cancer of the large 
bowel were seen, of which forty-five were treated by resection. 

At the General Hospital twenty-five eases out of forty-eight were 
treated by resection. At the Holmes Hospital, working with private 
patients, twenty out of tweny-two were treated by resection. Tliis illus- 
trates vividly the difference in operability seen in a private and a charity 
clinic. The operabilitj' rate in tlie total group is shoum in Table I. 


Table I 

Operability Kate 



CASES 

RESECTIOKS 

OPERABILITY (%) 

Eight colon 

28 

17 

60.7 

Transverse colon 

8 

7 

87.5 

Left colon 

3-1 

21 

61.7 

Total 


45 

61.2 


This rate of 64.2 per cent corresponds fairly well with rates reported 
from other clinics. It must be pointed out, however, that if General 
Hospital eases alone had been considered, the rate would have been only 
52 per cent, while at the Holmes Hospital it was 90.9 per cent. It must 
be remembered in this connection that when dealing with private pa- 
tients, one that is unquestionably inoperable may never be admitted to 
the hospital, but remains at home. In a charity institution, this situa- 
tion is often entirely reversed, a family or a family doctor sending the 
patient to the hospital to die. At times there may be considerable dif- 
ference of opinion as to what constitutes an operable case. Several of 
the patients at the General Hospital probably should not have had re- 
sections. At least three had liver metastases at the time of operation. 
One had a fistula from a perforated carcinoma of the sigmoid. One had 
a sigmoid colostomy performed elsewhere immediately above a carcinoma 
which was said to be inoperable. In this instance resection of the colos- 
tomy and tumor was carried out in one stage. In three, a palliative 
ileotransverse colostomy was done, although resection was never accom- 
plished. 

The following general plan of management is used here for patients 
coming to the hospital with signs of intestinal obstruction. A prelim- 
inary e.Yamination is fii-st made to determine, if possible, whether the 
obstruction is in the small or large bowel. Such things as distension 
intestinal patterns, peristaltic activity are, of couree, looked for. In 
addition, especial attention is paid as to whether there is a palpable ab- 
dominal or pelvic mass, a scar of a previous operation, a strangulated 
hernia, or other localizing sign. If there is no strangulated hernia the 
patient ne.xt goes to the x-ray room for flat films of the abdomen. This 
IS followed by a barium enema when flat films alone are not conclusive. 
If the obstruction can bo localized in the large bowel, other than the 
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TJS spite of improvements in botii immediate and end results obtained 
J. bj' resection of the colon, reported during the ftast decade, the 
eondition still constitutes an important ])ublic health problem, and sur- 
geons are still not entirely agreed as to the best method of treatment. 
The chief problem, as vith cancer elsewhere in the bodj’’, is how to get 
the patient to come to the doctor early in the course of the disease, and 
then how to get the first doctor who sees the patient to make the diagnosis 
promptly and arrange for I'csection to be done. That the condition can 
often be cured by resection, and by no other metliod at present avail- 
able, has been amply demonstrated, and the differences of opinion among 
surgeons have to do largely with differences in tlie technique of resec- 
tion and re-establishment of continuity" of tlie bowel after resection. 
There is quite general agreement as to the amoinit of bowel and mesen- 
1617 tliat needs to be removed, for this is based on anatomic studies of 
the regional lymphatic drainage and the blood supply to the parts whicli 
have been studied rather carefully. In most clinics a plan of manage- 
ment has been established which works well in tlie hands of tlic sur- 
geons in that clinic, though it may differ comsiderabiy from methods 
used elseivliere. At this clinic our preference is for anastomosis, by 
either an open or a closed method, at the same time the resection is 
done, rather than for the use of delayed anastomosis by some modifica- 
tion of the Jlikulicz principle. In our haiid.s, over a jieriod of yeans, 
delayed anastomosis has led to prolonged or i-epeafed ho.spifalization, 
with no evidence of better results than by immediate amislomo.si.s. At 


a municipal institution such as the Cincinnati Uencral liosphal one 
sees probably the worst and most frequent instances ol delay on the jiarf 
of both patients and referring doctors as far as early diagnosis is eon- 
cerned. 5Iost of the patients seen by the surgical sei-vice here have had 
the disease for many months, often for years; mo.sl of them have com- 
plete obstruction when admitted to the hospital, and many have reaehed 
the sta^e when resection is no longer iiossibic. Almost all of them corne 
f • m lower income groujis and many have been living on poor diets ami 
d • poor hygienic conditions. They pre.scnt a shaip contras! to /la- 
^ on in private practice, .sucli as those that jiresent themselves at 
tients se five-year pei-iod from the end of J!):i7 to .Janii- 

a private • . j resection of the large howel for 

ar\’ 1943 Ave inn c ie\ie» 

lor -bucation. APrU r. 
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tomy through a right rectus incision, dividing the ileuni and turning in 
the distal end. The diversion of the fecal current usually allows the 
inflammatory reaction to subside, and at a subsequent stage, the resec- 
tion is carried out through a transverse incision. Ileotransverse colos- 
tomy as the flrst procedure wms carried out five times, but in three of 
the cases it was only palliative and was not followed by resection (see 
Table II). In the other two cases, resection was carried out several 
weeks after the anastomosis. Only three of the seventeen patients 
with cancer of the right side of tlie colon which were resected showed 
obstruction. Of the twentj'-eight resected for cancer of the transverse 
and left colon (see Table III), thirteen or almost one-half had com- 
plete or almost complete obstnietion at the time of admission to the hos- 
pital. In all of these a ceeostomy or transverse colostomj^ was done to 
relieve the obstruction, and the resection done subsequently. In eight 
others a preliminary decompression was done prior to the resection, 
leaving only se%'en of the twenty-eight tliat had resection 'without pre- 
liminary decompression. This does not mean that we favor preliminary 
decompression but we may be forced to use it due to the particular 
.situation presented by the patient. In the absence of obstruction we do 
not hesitate to perform resection with immediate anastomosis without 
decompression. 

Table n 

Bight Colectomy "With Ieeothansvet.se Colostomy 


Cecum 

7 

End-to-side (one stage) 

2 

Ascending colon 

3 

Kide-to-side (one stage) 

13 

Hepatic flexure 

7 

Kide-to-side (two stage) 

2 

Total 

17 


17 


■Table in 


Resections Tkansveese and Left Colon 


Transverse 

7 


End-to-end 

23 


Splenic flexure 

3 


Side-to-side 

3 


Sigmoid 

18 


Alikulicz 

2 


Total 

28 



28 



Anesthesia in practically all cases is obtained by nitrous oxide oxygen 
and ether induction, followed by ether through an intratracheal tiAe, 
using a closed system. With an anesthetist, properly trained in this 
method, it gives adequate relaxation, and a low incidence of postopera- 
tive pulmonary complications. At the completion of the operation 
the trachea is sucked dry with a catheter through the intratracheal tube 
before it is removed. Preoperative medication consists usually of mor 
phme and scopolamine in a ratio of 25 to 1 about three-fourths hour 
lefore induction. Nembutal, gr. li/o, is generally given about one 
and one-half hours before operation. Postoperatively, the patient is 
turned frequently. He is instructed to take ten deep breaths at iLS 
lu™ .,m=, . d.y, during L feT to £)) 
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cecum, ascending colon, or liepatic flexure, a eecostoniy is done under 
local anesthesia as soon as general preoperative measures have been 
carried out. In patients without definite obstruction, and in whom 
large bowel cancer is suspected, the diagnosis can generally he estab- 
lished by barium enema, and double contrast enema, or by sigmoidoscopy 
in low-lying lesions. It is often surprising to us to see how many pa- 
tients have a palpable abdominal mas.s known to them or to their physi- 
cian, without any adequate study having been carried out. The diag- 
nosis having been establislied with reasonable certainty, a period of 
preoperative preparation is started. The general features of this prep- 
aration are the same, but may be varied depending rrpon special indica- 
tions. The patient is placed on a high caloric, low residue diet, and an 
attempt is made to empty the large bowel as completelj' as possible. If 
a cecostomy has been produced, irrigations through the cecostomy tube 
are given daily as well as rectal enemas. If no enterostomy lias been 
performed, the patient is given mild saline cathartics daily to give a 
wateiy stool whieli ndll pass through the partial obstruction if one is 
present, and this is supplemented with dailj^ enemas. It is important 
to get rid of all the barium from the barium enema, for if this remains 
above the obstruction it may become inspissated and form liard, almost 
rocklike masses. If in doubt, fluoroscopic examination or x-ray films 
should be used to determine this point. Adequate vitamin intake either 
orally or parenterally is advisable. The blood count and plasma pro- 
teins should be brought to satisfactory levels if tliej' are low, by blood 
or plasma transfusions. The giving of sulfonamide compounds by 
mouth preoperatively has been used sporadically, hut has not been 
adopted as a routine. Further clinical trial is desirable before the 
value of such treatment can be assessed. Twent.v-four hours before 
operation, the patient goes on a liquid diet and lead and opium pills I, 
t.i.d., are given to place the large bowel at rest. 


The general management differs somewhat depending on whether the 
cancer is situated in the right or left half of the colon, and on whether 
obstruction is of high grade or is relatively unimportant. Signs of 


associated local inflammation may also influence what is done. Cancer 
of the cecum and ascending colon is rarely associated with liigh-gradc 
obstruction. This is prolmlily due to the fact that the lumen of this 
portion of the bowel is large and the contents fluid or very soft. Tlie 
anemia which is described as characteristic of cancer in this location 
U have not found to be regulai-ly present. Tumors here arc often 
Dolvnoid and bulky, and in many of the ones wo have seen a mas.s was 
^ Inable at the time of admission to the hospital. In many of fiiem. 
? f hod occurred, and an inflammatory ma.ss with or without ab- 

^ hetween appendical abscc.ss. diverticulitis, tuborcniosi.s, mnl 
diagnosis exceedingly diflicult in .such instances. In innn- 

infectcdtumoi ‘ visually perform fii-s( an ileotransvcrse colos- 

aging mfecteci i 
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back for a second row. This may be reinforced by several mattress 
sutures of silk. Each of these methods of inversion turns the bowel in 
completely so that there is no closed cavity such as is obtained when the 
bowel is tied before inversion. 


After both ends of bowel are closed, the terminal ileum is lield along- 
side the longitudinal baud of the transverse colon, and a side-to-side 
anastomosis is done near the ends in order to leave as little blind stump 
as possible. The method used is that of the Halsted gastroenterostomy. 
The field is carefully walled oft' with gauze packs. Traction sutures of 
silk are placed at each end of the projjo.sed anastomosis, and a posterior 
continuous suture of medium silk is placed (Fig. 1 , 1 ). Halsted mat- 
tress sutures of silk are then laid anteriorly (Fig. 1, 2 ). These are next 
pulled aside, half to each end. Before opening the bowel, a temporary 
occlusion is produced to prevent gross soiling. Formerly rubber-shod 
clamps were used for this purpose. Recently, however, we have used a 
device made by our dieuer in the experimental laboratory. This con- 
sists of a bar of lead about 5 by 3 mm. in cross section. This is covered 
with soft rubber tubing. When bent on itself like a hairpin, it can be 
placed across the bowel and will hold approximately any position into 
which it is placed. It can be placed around the bowel with just the 
amount of pressure desired and will occlude sufficiently to prevent fluid 
and gas from escaping. Two such devices can be used, one across the 
terminal ileum, the other across the transverse colon. At the site of 
anastomosis itself no clamps are used. The bowel is held up by the as- 
sistant lifting the traction sutures, and thei’e is ordinarily no escape of 
intestinal contents. The bowel is opened with a luiife and scissors, and 
bleeding points are clamped and tied with 000 chromic catgut (Pig. 
1, 5). The posterior suture line is reinforced with a continuous lock 
stitch of 0 or 00 chromic catgut which goes through the entire thiclaiess 
of both bowel walls (Fig. 1 , 4 ). The ends of the anterior row of mat- 


tress sutures are then pulled up, the traction sutures are cut or pulled 
aside, and when the mattress sutures arc drawn up to approximate 
the bowel and tied, the anterior lip of the anastomosis is closed (Pio- 
1, 5). A Lembert suture of fine silk is then placed between each two 
mattress sutures. The angles of the anastomosis are reinforced with 


mattress sutures of silk, and the occluding rubber-shod clamps or lead 
bar clips are removed. After removing the protecting gauze packs the 
gloves are changed before continuing the operation. The overlapping folds 
of mesentery are sutured together to close the defect, and the terminal 
ileum and its mesentery are dropped into the flank to cover and partlv 
perilonealize the raw area. In recent months, sulfanilamide powder 
has been dusted into the peritoneal cavity before closure. The exact 
method of closure has differed with individual operators. As a rule 
the peritoneum is closed with continuous catgut. The wound is then 
thoroughly hut gently irrigated with saline solution, the muscle and 
fascia closed with interrupted figure-of-eight sutures of doubled medium 


sri!f:i;iiv 


'm 


}Jo IS wiKcJkmI cmvfully for sifriis of aloloctasis, am] at the first evidence 
of (Ins eoinplieatioii, he is liirnod with the afi'eetod side up and encour- 
a-rfd to eou-h. In most iustaiiees lliis leads to expulsion of the occlud- 
iii<r iiluir. and as|)ira(ioii with a eafheter is not nceessary, altlioiiLdi aspira- 
(i(Ui with or without hronelioseopy is used if posture and confjliing: 
fails to aeeoiuplish the desired result. 


In uueoniiilieated eanei'i’ of the eeeiim, ascending colon, or hepatic 
tlexui’e, a one-stage resection and anastomosis is done. During recent 
yeai's (he iiroeedurc lias lieen carried out through a transverse incision 
extending into (lie tlanic. similar to that de.scrihcd by IIoag=. The pa- 
tient is turned .slightly to the left side and usually the gall bladder 
bridge is elevated sliglitly (o obtain better exposure. We believe that 
(ho cx()osure through (his incision is liidter than that obtained by a 
I’crtical incision, iieritonealization of (he defect is easier, and the pa- 
tient has Ic.ss po’ftopci'.iiivo di.scomfort. .After careful e.xploratioii of 
the abdomen to determine whether metastases to the regional glands or 
to the liver arc present, the cecum and a.sccnding colon are mobilized 
by dividing the lateral [leritoneal retlection and rolling the bowel medi- 
ally. The ureter and spermatic or ovarian vessels must be identified 
and the former traced down over the brim of the pelvis and up to the 
kidney. The rest of (he fat and gland-bearing ti.ssue in the flank must 
be freed and carried medially with the bowel and mcsentei’y. The dis- 
section is carried up to the origin of the right colic artery. At the 
upper end, the retroperitoneal portion of the duodenum is identified and 
carefully freed from (ho mesentery of the colon. In lesions of the 
hepatic flexure and first part of the transverse colon it may be necessaiy 
carefully to free the transverse mesocolon from the pyloric end of the 
stomach or first portion of the duodennm. After freeing the bowel well 
beyond the lesion, and deciding upon the site for its division, the mesen- 
tery is cut across from that point to the origin of the right colic artery. 
We prefer to divide the peritoneum first, and isolate and ligate each 
vessel separately with silk, rather than divide the mesentery between 
clamps and then tie off each clamp as is so often done. The mesentery 
of the terminal 5 to 6 inches of ileum is similarly treated by dividing tiie 
peritoneum on each side and isolating and transfixing each vessel with 
silk. In most instances we have closed both the terminal ileum and the 
transverse colon, and then done a side-to-side anastomosis, altliongli in 
a few recent cases the colon only has been closed and tlie end of the 
ileum implanted into the side of the colon by a closed method. If side- 
to-side anastomosis is to be done, the bowel is divided at both ends of 
tl uortion to be resected with the cautery bct^ycen straight Kocher 

) and removed. The method of closure of the stump is important. 

clami , • ^ pifijis have been employed hut Uro arc used most often. 

A num ei simple closure with n series of Halsted mattress siifures 

A- ' ilk The other is the use of an inverting riglil angle suture 
of medium s over the Kocher clamp, which is continued 

(Cushing suture) ol ca „ 
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bade for a second row. Tliis may be reinforced by several mattress 
sutures of silk. Each of these methods of inversion turns the bowel in 
completely so that there is no closed cavity such as is obtained when the 
bowel is tied before inversion. 

After both ends of bowel are dosed, the terminal ileum is held along- 
side the longitudinal band of the transverse colon, and a side-to-side 
anastomosis is done near the ends in order to leave as little blind stump 
as possible. The method used is that of the Halsted gastroenterostomy. 
The field is carefully walled off with gauze packs. Traction sutures of 
silk are placed at each end of the proposed anastomosis, and a posterior 
continuous suture of medium silk is placed (Fig. 1, 1). Halsted mat- 
tress sutures of silic are then laid atiteriorly (Fig. 1, 5). These are next 
pulled aside, half to each end. Before opening the bowel, a temporary 
occlusion is produced to prevent gross soiling. Formerly rubber-shod 
clamps were used for this purpose. Recently, however, we have used a 
device made by our diener in the experimental laboratory. This con- 
sists of a bar of lead about 5 by 3 mm. in cross section. This is covered 
with soft rubber tubing. When bent on itself like a hairpin, it can be 
placed across the bowel and will hold approximately any position into 
which it is placed. It can be placed around the bowel with just the 
amount of pressure desired and will occlude sufficiently to prevent fluid 
and gas from escaping. Two such devices can be used, one across the 
terminal ileum, the other across tiie transveise colon. At the site of 
anastomosis itself no clamps arc used. Tiic bowel is held up by the as- 
sistant lifting the traction sutures, and tiiere is ordinarily no escape of 
intestinal contents The bowel is opened Avith a knife and scissors, and 
bleeding points are clamped and tied Avith 000 chromic catgut (Fig. 
1, 3). The posterior suture line is reinforced with a continuous lock 
stitch of 0 or 00 chromic catgut Avhich goes through the entire thickness 
of both boAvel Avails (Pig. 1, 4). The ends of the anterior roAv of mat- 
tress sutures are then pulled up, the traction sutures are cut or pulled 
aside, and Avhen the mattress sutures are draAA-n up to approximate 
the boAvel and tied, the anterior lip of the anastomosis is closed (Pig. 
1, 5). A Lcmbert suture of fine silk is then placed betAveen each tAvo 
mattress sutures. The angles of the anastomosis are reinforced AA’ith 
mattress sutures of silk, and the occluding rubber-shod clamps or lead 
hai' clips ai'e I’emoA-ed After I’emoving the protecting gauze packs the 
gloves are changed before continuing the operation. The overlappino' folds 
of me.sentery are sutured togetlier to close the defect, and the terminal 
ileum and its mesentery are dropped into the flank to cover and partly 
peritonealizo the iuav area In recent months, sulfanilamide poAvder 
has been dusted into the peritoneal cavity before closure. The exact 
method of closure lias differed Avith individual operators. As a rule 
the peritoneum is closed Avith eontinuons catgut. The Avound is then 
thoroughly but gentl.A' irrigated Avith saline solution, the muscle and 
fascia closed Avitli interrupted figure-of-eight sutures of doubled medium 


SUROEKV 


i)Iaclc sillc or of No. 1 dn’Oinio catgiil, aiul flic .skin with interrupted fine 
silk. Wifli cnlgiit suture of flic fa.seia, siay sutures may be used, but 
with silk closure ordinaidly no stay sutures arc ])laeed. In a few cases 
closure with tlirougb-aufl-flirougb silver wire was employed. 



.pnt cases in wbieli end-to-side anastomosis was performed, 
W ied was a modification of a method descried by Rankim 
of the colon is closed, a site is selected for the anasto- 
;er the cut end o colon. A portion is tented up 

ds along the clamps. A straight Kocher clamp is then 

grasping it n lono-itndinally and the protruding portion, winch 

^ced across size with the diameter of the ileum, is excised 
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with the cautery (Fig. 2, 2 ). The stump of the ileum, which is held in 
a Kocher clamp, is then approximated to the defect in the colon and the 
anastomosis is begun. Using an atraumatic needle a posterior running 
suture of chromic catgut is placed with a tie at the beginning and a lock 
at the other end, leaving both ends long in order to tie them later to 
each end of the anterior suture (Fig. 2, 5). The Kocher clamps are then 
rotated inward and a continuous right angle (Cushing) suture is then 
placed anteriorly with no tie at either end (Fig. 2 , 4 ). The clamps are 
then withdrawn as the assistant makes traction on one end to begin the 
inversion. The operator completes the inversion by making traction 
on the other end of the anterior suture. Agglutination of the crushed 



Pig. 2.-— Steps in end-to-slde ileocolostomy. ( 1 ) Division of terminal ileum. ( 2 ) 
Kocher clamp on side of colon. (5) Posterior continuous suture of catgut 
Anterior right angle (Cushing) suture of catgut over clamps. (5) Anterior suture 
pulled up after clamps are removed. (6) Posterior suture continued as second anterior 


ends of the bowel is depended upon to maintain closure imtil the inver- 
sion is accomplished. Corresponding ends of tlie anterior and posterior 
sutnies are then tied (I'ig. 2, 5). The long end of the posterior suture 
is then continued around anteriorly and tied, forming a second anterior 
sutvire line (Fig. 2, 6). The continuity of the lumen is established by 
invaginating the walls of the ileum and colon with the thumb and fore- 
finger. The anastomosis is reinforced posteriorly and at the ano-les 
with interrupted Lemhert sutures of fine silk. A portion of omentum 
IS anchored loosely over the site of the anastomosis with fine silk and 
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sviiriiciiY 


snUiuuhimUh powder is d»s/od into the rcpdoti. The same a<len(ion is 
di 2 w(ed to the nwsontory and demided ai’ca as dcseribod prenoiislv in 
ffie oimn tyi)e of aimstomosis. 

Par lesions beyond the hepotie f/cxiUT, an end-to-ond aseptic anasto- 
mosis IK usually done. During! recent ycar.s, tin's anastomosis lias been 
( one ,is ,1 Jide, nsirif' the Slone clamp, 7'liis clamp lias been most satis- 
lactory in our bands, and is the only clamp wbicli we have tried that al- 
ways sooiiis to work well. Pj-ior to (be introduction of the Stone damp, 
the anastomosis was made over .straitrld TCocIier clamps or over .special 
clamjis similar to a Koeber, lint wilbont tectb, and with the blades ser- 
iated Icufithwise of (be blade instead of crosswise. Extreme care is 
taken to remoi’o carefully (be appendices cpijiloicac and other fat tabs 
from the bowel at the jirojio.sed site of anastomosis. Only in this wa.v 
Can accurate, careful suture with .serosal approximation be attained. 

ide e.vcision of the lesion and mesentery must be made, the cut ends 
must be Irce to eomc top'ctlier without tension, and the blood supply 
must be preserved carefull.v to the cut ends. The clamps are usuall.v 
placed somewhat diatronally so that the antimesenterie border is some- 
wlint shorter than the ine.son(cric. Suture is ordinarily accomplished 
with a sinjilc row of Halsted mattress sutiu'cs of medium silk. After di- 
viding: the mesentery and prepariiifr the bowel for suture, it is dmded 
between clamps witii the cautery. A row of mattress sutures is then 
laid posteriorly, .just far enoti'rh from the einmps so that tliey can be 
luilled up and tied (Fitr. 3, l. 2, and 3). The anterior jow of mattress 
sutures is then laid (Fig'. 3, ,9). A rubber-shod clamp or the rubber 
covered lead bar is then jilaced aeiuss the jn'o.ximal loop to prevent bowel 
content from c-\erting pressure on the cut end of the bowel. The Stoue 
clamps are then removed, the cautery .seariiiir being- relied upon to piy- 
vent the bowel ends from opening, as described by Scarff.® The anterior 
row of mattress .sutures is then pulled up and tied, completing the 
stoma (Fig. 3, -i). A Lembcrt .suture of fine silk is placed between each 
two Halsted sutures. Serosal approximation at the mesenteric border 
is exceptionally important and must he obtained by careful placing of 
sutures. After the suture is completed, a finger must be invaginated 
through the anastomosis to make sure that tlie lumen is patent and that 
there is not too much of a cuff turned in. For resection and anastomosis 
of rectosigmoid lesions very low in the pelvis, it is important to put the 
clamps on in an anteroposterior direction rather than from side-to-side, 
and sometimes straight Koeber clamps can bo used advantagcousl.v, the 
liandles of the clamps coming out .fust above tlie symph.vsis pubis. In 
th's nosition, two lateral rows of sutures are jilaccd, one on the riglit 
•u ^ d the" other on the left of the clamps instead of an anterior and 
side an pelvis it is almost im])os.sible to place a pos- 

postei’ioi J > . .^ve have occasionally made anastomoses 

Wow fl.o P«oi.o»eal 



2IXKIXGER AXD HOXWORTH : CAXCEK OF COLOX 


375 


It iiiEst be admitted that this entii’c method of aseptic end-to-end 
anastomosis -witli one row of Halsted mattress sutures is not suitable 
to the occasional operator or indeed to anyone who is not willing to pay 
attention to detail, to place each individual suture with care and pre- 
cision, after careful preparation of the bowel to receive the sutures. As 



each suture should catch the sub- 


llalsted'* pointed out many years ago, . 
mucosa, but not penetrate the mucosa. After completion of the suture 
of the bowel the edges of the mesentery must be approximated earefidl^ 
to leave no defect and no raw surfaces. Sulfanilamide powder is plaeec 
m the peritoneal cavity. The peritoneum is usually closed with con- 
tinuous chromic catgut, after which the wound is washed carefully mtl 
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SunCKHY 


llioii'-]i Jicrp !,.r-r «sccl as a rule, al- 

> oivh her o iig.un some opeivKors close (he fascia with No. 0 or No 1 

ci.ronnc catgut, auci use .s,nv .sutures in addition. 

countor^sTfr r circumstances en- 

in^ uu- W 1 T prevented the operator from proced- 

nna.slomosk These occurred in five out of tl.e 

e-i> 4 e« pi'oup in u-hich resection was done. In three 

ea os groat di.spanty in the .si.c of the howel pro.ximal and distal to the 
lesion noce.s.s,fatod side-fo-sidc nnnslomosis in the manner described 
aliine foi- r;g)it colon rc.seetion.s. In two of tJie.se cases a dilated proxi- 
mal segment was jircsent despite preliminary decompression by ceeos- 
tomy ind UT,gat,ons for thirty and sixteen days. No preliminary en- 
towsiomy hud been done in the third ease which presented the same 
problem. In tivo eases Mikulicz ohsfriicfive resection was employed. 
In one of tliese the sigmoid colon pi-o.vimal to the lesion was filled with 
ui.sjnssated stool des]nte anteeedent cecostomy and seventeen daj'S of 
attempts to cleanse tiic bowel by irrigation. In the other, incision and 
drainage of an abdominal wall abscess secondaiy to a perforation of 
tlie tiansvorse colon at the site of the lesion was required at the time 
of admission to the hospital (see Table III). 

TJie postoperative eare is important, but usually not difficult. The 
operation is ordinarily not aceomiianied by shock or Joss of blood, and 
transfusion is often not necessary. Intravenous injection of solution 
of glucose or saline is given during or immediately after operation, and 
repeated as indicated. If a cecostomy is jiresent, water by mouth is 
started immediately and soft diet as soon as tolerated. If no enter- 
ostomy has been provided, small amounts of water only are given for the 
first forty -eight to seventy-two hours. In some instances, especially if 
there have been mild obstructive sjunpfoms, continuous gastric suction 
by Wangensteen ’s method is provided for one to two da.ys. Exception- 
allj^ a Miller-Abbott tube has been used. In most instances, liowever, 
tlie patient is receiving some soft diet by the fifth to the .sixth day. 
Mineral oil by mouth is usually started in small doses about this time, 
and a spontaneous bowel movement generally occurs by the seventh to 
ninth day. 

Table IF 

Operative Moktalitv m Cases With Seseotcois Equals i op 45 Cases on S.S 

Per Gent 


BEATaS 


RESECTIONS MORTAUTY (%) 


Cecum 

Ascending colon 
Hepatic fle.xure 
Transverse colon 
Splenic flexure 
Sigmoid 


1 

0 

0 

0 

1 

5> 


3 

IS 


14.2 
0.0 
0.0 
0.0 

33.3 
11.1 


Total 


45 


S.S 
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In the forty-five cases of resection there were four deaths, a mortality 
rate of 8.8 per cent divided as shown in Table W. Two deaths were due 
to pneumonia and two to peritonitis. 

The average hospital period for the thirty-nine patients treated by 
resection and immediate anastomosis and who survived was 30.8 days 
from resection to time of discharge from hospital. If we eliminate six 
patients who had prolonged hospitalization because of wound infection 
or other complication, the average hospital stay from the time of re- 
section to discharge was 24.4 days. In patients in whom a cecostomy 
was performed, the average interval between the production of the 
cecostomy and resection was 15.4 days. 

The follow-up information on these patients, especially those fi’om 
the General Hospital, is so meager that no statement can be made re- 
garding late results, but since the study is for the last five years only, 
this would not be valuable at this time. Several of the patients are 
known to have died with recurrence or from metastases, but the number 
that has survived is not known. 


SUMMARY 

The technique of resection and anastomosis for cancer of the colon 
used at the Cincinnati General Hospital has been described. The method 
preferred is resection and immediate anastomosis. Witli careful pre- 
operative preparation and postoperative care this has led to four deaths 
in forty-five patients on whom resections were done, a mortality rate of 
8.8 per cent. 
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CARCfiVO,’\rj\ OP THK CO],Oi\ AND KECTUJr 


A nicroirr of r,03 P.vviEsrti Tki:ati:d at TmcLAHEv Cuxic 
P)SS-104l, Jxci.usivi: 


Riciiakd B. Catteel, jArjX, Bosrox, 

ri''rnm thr Jhpnrtmrnt of Surgery, The Luhdj Clinic, ISoston) 

fiindnmciititi princijdes niKlcPyiiig flie surgical treatment of 
earcinonia of the colon and rectum i-cniain flic .same, but tlie applica- 
tion of mctliod.s and of diffci'ont operations bare hcon constantly chang- 
ing. 1 lie most con.spicuoiis cliangcs in the last feir ycai’s seem to he, 
first, an inei-easing operabilifr or I'c.sect ability, and secondly, the wider 
ajipJicafion of one-stage operations. 

Since 1929, an attempt lias been made at the Laliey Clinic to standard- 
ize suitable operative procedures for lesions in different portions of the 
large intestine, and to utilize cei'tain operations in a considerable group 
of eases in order to evaluate them. For e.xample, over 250 two-stage 
abdominoperineal resections of the Lahcy t.v]ie were carried out and the 
operation evaluated. Likewise, a modified Mikulicz operation was ap- 
plied to all colon maligjianeics, with rare exceptions, to give it a thorough 
trial. A consecutive series of these eases can properly serve as a basis 
for comparison with the one-stage operation applied to similar eases. 

We have reecntl\“ reviewed a scries of 503 patients ^vith carcinoma of 
the colon and of the rectum who were obser\'ed during the four-year 
period of 193S to 1941, inclusive. The presentation of this experience 
gives a fairly accurate idea of the present-day treatment of these cases 
at the Lahey Clinic. Finally, separate consideration of the cases for 
1941 demonstrates that the most satisfactoiu' results in our experience 
are now being obtained. 

INCIDEXCK 


The histories of 331 patients treated during 193S, 1939, and 1940 
were reviewed in order to obtain detailed clinical data. 

Table I shows the sex ineidence, as follows: 191 males (60 per cent), 
and 140 females (40 per cent). In a previous series of our cases, we 
found carcinoma of tlie colon slightly more frequently in females and 
carcinoma of tlie reetnm more commonly in males. 


•IGE 

T} 2 e voungest patient in this series was 21 years of age and the oldest 
S9 youngest patient whom we have operated upon for car- 

cinoma of the rectum was 13 years of age. Table II, wliieli lists the 

Neiv Enclana Cancer Society, Boston. -Way r. 19«. 
paWiemion. July e, 1943. 
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Table I 


Sex Ixcibekce, 331 Patiexts 


SEX 

XUMBER 

PERCENTAGE 

Male 


GO 

Female 



Total 




Table II 



Age, 331 Patients 


AGE (YE-ARS) 

NUMBER 

PERCENTAGE 

Below 20 

0 


21-30 

31-10 

2oj 

10 

41-30 

51 


51-60 

1137 

70 

01-70 

105( 

71-80 

30 

10 

89 

1 


Total 

3S1 



ages of the 331 patients in this series, shows that 10 per cent of the pa- 
tients were iietween 21 and 40 years of age, and that a similar percentage 
were hetweeen 71 and 80 years of age. Carcinoma of the rectum is not 
uncommon in young adults. In one of our series of patients, 16 per cent 
were found to be 39 years of age or younger. 


LOCATION 


There were 335 malignant legions in these 331 patients. Thus, 4 of 
the group had 2 carcinomas in widely separated segments, lioth of which 
were removed at the same operation. This does not include multiple 
malignancies encountered in a single rectal or colonic segment where 
malignant degeneration was jiresent in more than one pol.r’p. 

Arbitrary divisions are usually made of the large intestine and are by 
no means comparable in different reports. Two hundred and eight of 
the lesions (62.1 per cent) were in the rectum and rectosigmoid, while 
127 (37.9 per cent) were in the colon including the sigmoidal flexure 
(Table III). 

T.vble III 


?,Za Le.sio.n'.s, 3.31 Patients 


LOCATION OF LESION 

NUMBEP^ 

percentage 

Carcinoma of rectum inelmling rectosigmoid 

208 

' 62J ~~ 

Carcinoma of rolon incIutHng; 

127 

37.9 

Total 

335 

100.6 


Table IV gives more detailed information concerning the distribution 
of the lp.sious throughout tlie colon. A consideration of the frequenev 
of malignancy in different portions of the colon is important from the 
standpoint of diagnostic methods. Nearly two-thirds of all lesions en- 
countered can be directly visualized by the siginoido.scope or can be felt 
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TabM; IV 


Ja:hioss. .',vn Pa'hcn'ts 


i.oc'ATio.v or i.Ksro.v 

.N'l/JIRER PERCESTAOE 

Aiiu.*) 

Jtoetiim 

Itcclo.'-ignioid 

1 

J35 

72. 

j- 03.1 

Sigmoid 



Bc.«cciidiiig colon 

22 I 

1 20.0 

Splenic ho.viiro 

loj 

Tniiisver.'^c colon 

17 

5.1 

Hepatic flc.vuio 

lO'i 

Af-cending colon 

12 

12.8 

Ccciim (npppiidi.v 2) 

21 j 

Total 

ooD 

100.0 


by digital examination. Tlic I’cmaiiidor can be inclii’ectly visualized bj' 
means of a barium enema. 


dur.it/ox' or si'jfPTO.us 

A malignant lesion iji the lai’ge intestine maj’- be present for some 
time before symptoms result. Certainly a polyp or polypoid lesion may 
be present for man}' months or veal's without sjuiiptoms or with in- 
temittent symptoms. Tlio dui'ation of symptoms in tliis group of pa- 
tients is shown in Table V. Many of the patients having symptoms over 
2 yoai's may ha\'e had symptoms i^i’cvious to malij^nant degeneration of 
the polyp. It is encouraging to find that 60.7 per cent of the patients 
had sjTuptoms of less than 1 year’s duration, and approximately 40 per 
cent of less than 6 months’ duration. 'This is a considerable improve- 
ment, since in previous series of our cases tlie average duration of rectal 
lesions was 9 months and of eolonic lesions 11 months. 


Table V 

Duration or Symptous, 331 Patients 


DURATION 

XUATBKR 

riJRCENTAGE 

Under 1 nio. 



1-3 mo. 

49 L 

3S.4-, 

3-0 nio. 

61 / 

1 60.7 

6-12 mo. 

74 

/ 

1-3 yr. 

Orer 3 yr. 

60 ) 
60 ] 

36.3 

Not certain 

10 

3.0 

Total 

331 

100.0 


EXTENT OF LESION 

Duriu''- the years 193S to 1940, inclusive, 280 resections of the large 
intestine^were performed in the 331 patients observed (Table VI). The 
xtent of the lesion was determined by observation at the time of opera- 
f ^ and by the pathologist ’s report of the gross and microscopic ap- 
2 Q 3 patients (36.8 per cent) tlic carcinoma showed no 
pearance. ^ remaining in situ at its point of origin. Thus, ap- 
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Tabus VI 


280 Eesectioss, : 

331 Patients 



EXTENT OF LESION 

NUMBER 

PERCENTAGE 


Primary site in bowel only 

103 

3G.8 


Involvement of lymph glands 

112 

40.0* 


Blood vessel invasion 

89 

31.8* 


Invasion of other organs 

02 

22.2* 


Liver metastasis present upon 
resection 

27 

9.0 



•Many duplications. 


proximately oi\e-tlurd of the patients fell into a most favorable group 
for possible cure. Invasion of other structures, such as the small in- 
testine, parietes, and pelvic organs, was observed in 62 (22.2 per cent). 
Liver metastasis was present at tlie time of resection in 27 (9.6 per cent) . 
Blood vessel invasion observed upon examination of miei’oscopic slides 
was found in 89 (31.8 per cent). Iirvolvement of regional Ijunph nodes 
determined by microscopic examination occurred in 112 (40 per cent). 
Obtiously, more than one tj'pe of involvement sometimes was present, 
as blood vessel invasion usuall}^ Avas obsetwed in those patients AAuth liAvr 
metastasis and in a feAV of those with regional lymplj node jm'olA'ement. 


OPERABILITY 

As mentioned earlier in this communication, one of the strilring 
changes in the management of carcinoma of the colon and rectum has 
been an increasing operabilitj- or resectability. For comparison of dif- 
ferent series of cases, it is important to IcnoAv the proportion of patients 
Avith these lesions aaIio are submitted to resection. If only favorable 
cases are accepted for radical surgery, the result aa-IU be much more 
satisfactory than otheiwise. The benefits of radical surgery for favor- 
able lesions are generally aeknoAvledged. The results of resection for 
unfaAmrable and extensive lesions are less Avell IcnoAvn ; hoAvever, from our 
experience at the clinic, Ave belicA^e that many patients, although they 
do not haA'e a chance for cure, receiAm sufficient benefit to justify the 
procedure. The operability in any series of cases depends upon the 
extent of the lesion and the presence of local or distant spread. The con- 
dition of the patient may he such that resection is not justified and quite 
properly the experience of the surgeon in a large measure AA'ill determine 
his operability. If the surgeon's experience Avith taA'orahle cases is sat- 
isfactory, then he is justified in accepting less faAurable eases Avith a 
reasonable prospect of performing the resection Avith at least temporary 
success. 

During the 4-year period, 1938 to 1941 inclusive, 503 patients Avith 
carcinoma of the colon and rectum AA^ere observed (Table VII) No 
patients were excluded from this series because of poor condition or ob- 
vious generalized metastasis on examination. Pour hundred and tAventv 
had some type of resection, maldng an operahUity or resectability rate 
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Table IV 


• i'>5 o.'il Patikxt.s 


I-OCATIO.V or I.ESIO.V 

.VU.VnEi! PERCBXTAGE 

Abuk 

Itcctiini 

1 

J3S 

j - 02.1 

3hM;to.‘'igmoi(] 

72 

Sigjiioid 



Do.'-ccndiiig colon 

12' 

I - 20.0 

Splenic tie.vnro 

loj 

'J’r:iiif<\-cr.>.e colon 

17 

5.1 

Hepatic tlo.'curc 

lOi 

A.'jcciuling colon 

.121 

^ 12.8 

Cocum (appendix 21 

2lJ 

Total 

335 

100.0 


by digital cxaiiiiiialion. The remainder can he indirectly visualized by 
means of a barium enema. 


DURATIOX or SVJIPTOJrS 

A malignant lesion in the large intestine may be present for some 
time before symptoms result. Certainly a polj'p or polypoid lesion may 
be present for many months or years iritbout sj'mptoms or mitli in- 
tonniltenl SJ^nptoms. The dui’ation of smnptoms in this group of pa- 
tients is shown in Table V. Manj' of the patients ha^ang sjuaiptoms over 
2 ycais may have liad symptoms previous to malignant degeneration of 
the polyp. It is encouraging to find that 60.7 per cent of the patients 
had sjTnptoms of less tlian 1 year s duration, and approximately 40 per 
cent of less than 6 months’ duration. 'This is a considerable improve- 
ment, since in previous seiies of our cases the average duration of rectal 
lesions was 9 months and of colonic lesions 11 months. 


Table V 

Duration' or Symptoms, 331 Patieiyts 


nVRATION 

XLr*UiJER 

PIJRCENTAGE 

Under 1 mo. 



1-3 mo. 

49 1 

38.4-, 

3-6 mo. 

61 / 

L 60.7 

6-12 mo. 

74 

J 

1-2 yr. 

Over 2 yr. 

60 ) 
GO 5 

36.3 

Not certain 

10 

3.0 

Total 

,331 

ino.o 


EXTENT OF LESION 

During the years 193S to 1940, inclusive, 2iS0 resections of the large 
intestine°were performed in the 331 patients observed (Table VI). The 
. . -(-iig lesion was detei-mined by observation at the time of opera- 

^ and by the pathologist’s report of the gross and microscopic ap- 
203 patients (36.S per cent) the carcinoma showed no 
^vi^dencTof spread, remaining in situ at its point of origin. Thus, ap- 
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Table VIII 

Tyi'e or OPEn.wioN, 420 Besections 



ICtJATBER 

PEHOENTAGE 

Ftectal: 



One-stage operation: 

168 

58.5 

Abdominoperineal resection (Miles) 

Anterior or abdominal resection 

17 

5.9 


185 

G4.4 

Two-stage operation: 



Abdominoperineal resection (Laliey) 

87 

30.3 

Colostomy and perineal resection 

15 

5.3 


102 

35.6 

Total 


287 (100%) 

Colonic: 



Mikulicz resection 

133 


Total 


420 


PREPARATION FOR OPERATION 

A short period of prooperative preparation ivas the rule. If no ob- 
struction was present on admission, a single dose of 1.5 to 2 ounces of 
50 per cent solution of magnesiiun sulfate was given, followed by colonic 
irrigation morning and evening until operation. No irrigation was given 
the morning of operation, and the saline purge was not repeated ex- 
cept in exceptional eases. Less tlian 5 per cent of patients bad a pre- 
liminary eecostomy. Only a few patients in tliis series were prepared 
by the use of sulfaguanidine, and the administration of the sulfonamide 
drug was not continued. Patients were kept on a high caloric, low resi- 
due diet during the preoperative period, and received blood transfusions 
as indicated. Routinely, a one-stage abdominoperineal resection for car- 
cinoma of the rectum was performed three days after admission to the ' 
hospital if no obstruction was present. A modified hlilmliez operation 
was carried out after a similar interval. 

anesthesia 

All patients in this series, irrespective of age or general condition, 
were operated upon under spinal anesthesia. The routine spinal anes- 
tlictic agent was pontocaine weighted with 10 per cent glucose solution, 
utilizing 14 to 20 mg. of the drug. In a few patients, nupercaine in 
1 :1,500 dilution was used. Some of the patients with lesions complicated 
by extension were operated upon under fractional or continuous spinal 
anesthesia. Spinal anesthesia was supplemented at times by avertiii 
pcntothal sodium, or cyclopropane anesthesia. We feel sime that spinal 
anesthesia administered by an experienced anesthetist otfers the best 

possibk operating conditions and is particularly valuable in the more 
complicated cases. 
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T.ujtK A'lr 

OmiAiHWTv, oon Patjk.vts 


YK.\i: 

itK.HK(;TIOX 

xp r.rsrcTio.s-'* 

TOTAL 

tii.'lS 

tOTO 

mo 

jm 

SS 

117 

75 

1-JO 

oo 

30 

as 

*»o 

110 

133 

SS 

172 


•120 

(sa.5%) 

SS 

(10.5%) 

503 

(100%) 

•Incluiles pallliitivo 

operations und 

iinoporatfd cases. 



oi' 83.5 j)or con). KifrJify-flirce j)iilion1.s dir] not have resection, but had 
eitlicr some form of palliative oj)eralion, sneli as colostomy or intestinal 
anastoniosi.s around the lesion, or hud no operation. 


SKUKCTIOX OF OFEKATIOX 

hour clillercnt operation.s of the resection type were performed for 
carcinoma of the rectum and rectosigmoid. A one-stage abdomino- 
perineal resection (Jlilos) was considered the operation of choice for all 
those lesions, and was performed in good-risk patients of any age. Dur- 
ing the 4-yenr period, 5S.5 per cent of i>nticn1s were o])crated upon by 
this method, whereas in the final year of this period (1941) the per- 
centage was 76.7. 

A one-stage anterior or abdominal re.sectiou was performed in 5.9 per 
cent. This oi)eration is .similar to the hXiles resection except that a small 
rectal stumi) is left in place. In my opinion, this operation is rarelj’ 
indicated, since these patient.s can be submitted to the one-stage ab- 
dominoperineal resection. In the few cases in which it was utilized, 
the lesion was in the high j'eetosigmoid. 

The two-stage abdominal resection (Lahey) was employed in 30.4 per 
cent, being used for poor-risk patients, some with moderate obstruction, 
and for all patients wlio had peifoi-afed lesions with abscess. This pz’O- 
cedure was also used for doubtfully operable patients, particularly those 
with marked adherence, in whom it was impossible to tell whether the 
cause was inflammation or extension of malignancy. 

A two-stage resection consisting of a loop eolosfom;\- and subsequent 
perineal excision was employed in 5.2 per cent. This was used for low 
i-eetal lesions in pooi--z-isk patients, particularly those who were luinsii- 
ally obese or who had complicating conditions of cardiorenal or pul- 
monary origin. 

A two-stage modified idikulicz resection was performed in all car- 
cinomas of the colon during this 4-year period . 

The number and percentage of these five different oporalivo ])ro- 

a res are sbomi in Table TUI. There were 2S7 rectal resections, 64.4 
cent of which were done in one stage, and 35.6 per cent in two 

stages. 
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OPERATira MORTALITY 

The operative mortality following the different types of operation 
is shoum in Table IX. IVithout selection of cases, 420 resections were 
carried ont, with 45 operative deaths, a total percentage mortality^ of 
10.7. One hundred and sixty-eight patients had a one-stage abdomino- 
perineal resection, with 11 deaths (6.5 per cent). The mortality was 
double this figure following the two-stage abdominoperineal resection 
of the Lahey tjT)e, this group of patients haring more extensive and 
complicated lesions and consequently a higher operative risk. In 87 pa- 
tients, 12 deaths occurred. A high mortality also followed perineal 
resection in a small, ppor-risk group of patients, 3 deaths occurring in 
15 operations (20 per cent). There were 133 lililnilicz resections with 
15 deaths, a mortality of 11.3 per cent. Nineteen deaths followed pal- 
liative procedures. Not all the 83 patients listed were operated upon, 
so the mortality after palliative procedures was more than double that 
for the group having resection. 

There was no selection of cases in determining operative mortality 
after the 420 resections. Approximately 10 per cent of these patients 
had liver metastasis at the time of resection. Likewise, 22 per cent in- 
cluding those having liver metastasis had definite invasion of other 
structures. If one separates the curable cases from the incurable, the 
operative mortality is materially improved ; however, the only fair waj' 
to present one’s experience with resection is to include all cases in which 
resection was performed. 

The causes of the 45 deaths in 420 patients Iiaidng resection are shown 
in Table X. Twenty were due to infection, 8 haAung peritonitis as a 
cause of death. Sulfanilamide ivas used in 5 to 10 6m. amounts in the 
peritoneal cavity when gross soiling occurred. When no gross soiling 
occurred in the peritoneal cavity but did occur in the dissection of the 
rectum posteriorly, sulfanilamide was put in the presacral space. Ex- 
cept for a small series of cases, no sulfonamide drugs were used in pre- 
operative preparation, and none in the peritoneal cavity in clean cases. 
The other causes of death, such as pulmonary embolism, cardiac failure, 
and obstruction, are what one would expect in any large group of serious 
abdominal procedures. 


END RESULTS 

1 have attempted to evaluate the results following resection for car- 
cinoma of the colon and rectum. Obviously, the series of 503 eases 
during the yearn 1938 to 1941, inclusive, cannot be used. Consequently, 
a previous series of 162 consecutive resections performed during the 
years 1932 to 1936, inclusive, was reviewed (Table XI), Seventy-five 
of the entire group of patients submitted to resection survi%md be- 
tween 5 and 9 years, a survival rate of 46.3 per cent. Twenty-two pa- 
tients died postoperatively, and 65 died subsequently of recurrence 
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Table IX 


Ol’EIIATIVE MoP.TAWTV, 503 I’ATJE.Vl'S 


type op oi'Eration 

CASES 

DHATHS 

PEP.CENTAGE 

iMiles resection 

168 

11 

6.5 

Lnlicy reflection 

87 

12 

13.S 

Perinciil re.section 

15 

3 

20.0 

Anterior re.«eetion 

17 

4 

23.5 

Mikulicz re.seetion 

133 

15 

11.3 

Total re.section.s 

420 

45 

10.7 

Palliative operation.^ 

S3 

19 

22,9 

Total all oiicrations 

503 

64 

12.7 


Table X 


45 Deaths, 420 Resections 


CAUSES or UCATII 

NUMBER 

Peritonitis 

8 -j 

Gas bacilliLS 

Wound separation 

J (.Infection 

Pneumonia 

6 J 

Pulmonary embolus 

5 

Myocardial failure 

3 

Intestinal obstruction 

4 

Mosenterio thrombosis 

3 

Uremia 

4 

Cerebral thrombosis 

o 

Surgical shock 

1 

Agranulocytosis 

1 

Not determined 

2 

Total 

45 


Table XI 


End Results, 162 Resections* 
(1932-1936, Inclusive) 

NO. pa tients 

75 survived 3 years plus 
22 died post-operatively 
65 died of recurrence 

140 survived operation, 5-year cure 

*A11 patients vere followed for 5 to 10 years. 


PERCENTAGE 

46.3 
53.7 
53.6 


13.5( 

40.21 


Table XII 

Present-Day Management, 172 Patients (1941) 


"" ' TYPE OF RESECTION 

CASES 

PERCENTAGE 

DEATHS 

percentage 

Miles 

Anterior 

Lahey 

Perineal 

Mikulicz 

resections 

79 

5 

15 

4 

37 

140 

76.7 

4.S 

14.5 

3.9 

S1.4 

1 

1 

1 

1 

7 

0.3 

20.0 

6.7 

25.0 

2.7 

5.0 

■ pjTiTTntive operations 

32 

18.6 

3 





THE MANAGEMENT OP POLYPS OOCUKKING IN THE 
KBCTTOI AND COLON 

Yernox C. DA^^D, M.D., Chicago, 111 . 

I T HAS fallen to mj’- lot to examine and care for more than one liundrecl 
patients having polj'ps of the colon and rectum and this article will 
indicate some reactions to the problems involved. 

Areas of hyperjilasia, pedunculated adenomas, and sessile papillomas 
are common tumors in the colon. Fe 3 'rter found 1,100 such lesions in 
1,800 consecutive autopsies. Fifty per cent of carcinomas of the colon 
and rectum studied were found to have flat, raised areas of hj'perplasia 
in close proximity to them. Twenty -five per cent of carcinomas of the 
colon and rectum have been found to liave adenomas accompanjung 
them. The earliest carcinomas of the large bowel I have seen are those 
occurring on the periphery of pedunculated adenomas where, as a rule, 
the most bizarre arrangement of epitlielium is seen. Multiple polyposis 
of the colon where himdreds of adenomas, small papillomas, and areas 
of hj'perplasia are seen is frequently the seat of multiple carcinoma. 
Prolonged ulcerative colitis where infiammatoiy mucous polyps are often 
seen is complicated by carcinoma in about 5 per cent of the eases. 

For these reasons it is obvious that ail h.vperplastic areas, adenomas, 
or papillomas should be removed or completelj' destroyed whenever 
possible because they constitute a definite precancerous lesion. The 
transition from hyperplasia to adenoma or papilloma formation to car- 
cinoma is difficult to define or to recognize. 

Prom a clinical viewpoint, hyperplasia of the bowel mucosa gives no 
symptoms and is found in the course of proctoscopic examinations, in 
examination of surgically removed segments of bowel, or at autopsy. 
Adenomas, which vaiy from the size of a BB shot to a walnut, make 
their presence known bj' bleeding, piutrusion from the rectum if they 
are low in the bowel, and eramplike pains due to attempts of the bowel 
to push them along, and occasionally by becoming an apex of an intus- 
susception. 

The bleeding may be slight and may be bright or dark depending on 
the location of the adenoma, the blood obvdously being brighter the lower 
the growth is in the bowel. The bleeding may occur uithout a bowel 
movement, and in some instances has been as much as a pint of blood. 

The sjTuptoms of villous tumors or papillomas, which may be small 
or as large as an apple, are much the same as adenomas except that they 
are usu ally associated with the passage of a large amount of mucus diic 

nocolved for puhllc.ition, Fel>. 10. 1913. 
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of the carcinoma. Tims, 53.7 per cent Jiad an unsatisfactory result. 
Presumably a certain proi^ortion of those wiio did not sunive operation 
had favorable lesions. Of the 140 patients avIio survived the operation, 
53.6 jjer cent shoved no evidence of recurrence for the 5- to 10-year 
period duriTig vhich tliej' were observed. 


PRE.SENT-D.-VY Jr.VN.VGE.VIENT 

A review of our e.xperience during 1941 gives a clear picture of our 
present practice in the treatment of carcinoma of the colon and rectum. 
During the year 1941, 172 patients were scon in consultation (Table 
XII). One hundred and fortj' (S1.4 jver cent) were submitted to resec- 
tion, with 7 oijcrative deaths, a mortality of 5 per cent. This again was 
an unselected group of cases, including all patients in wiiom the diag- 
nosis of carcinoma was made, irresivective of the condition of the patient 
or extent of the lesion. Seventj'-nine one-stage abdominoperineal re- 
sections were performed, with 3 deaths, a mortalilj' of 3.8 per cent. 
Thirty-seven consecutive IMikulicz resections were perfonned, with 1 
death, a mortalit 3 ’’ of 2.7 per cent. In siunmaiy of the year 1941, an op- 
erabilitj" rate of S1.4 per cent was maintained. A one-stage abdomino- 
perineal resection was iverformed in 76.7 ])er cent of the rectal car- 
cinomas, with a moi'talit.v of 3.8 per cent, and the modified Mikulicz re- 
section, which at the Lahe.v Clinic is considered the operation of choice 
for carcinoma of the colon, was iverformed with a mortality of 2.7 per 
cent. 
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Pedunculated adenomas ivliich pi-olapse or can be prolapsed tlirougli 
tlie anus are removed by ligation of the pedicle well away from the 
adenoma. 

Pedunculated adenomas which can be .seen through the proctoscope 
can be removed safely by thorough fulguration of the pedicle through 
a proctoscope using a long fulguration wire enclosed in a ureteral 
catheter. Areas of liyperplasia can be similarly removed by fulguration. 

Flat adenomas of the rectum below the peritoneal reflection can be 
fulgurated and carbonized with safety. 

Careful inspection of adenomas should l)e the rule 1o be certain there 
is no evidence of ulceration of the tumor and no induration which can be 
determined by palpation or by manipulation of the poli-p by the end of 
the proctoscope. Either ulcei-ation or induration makes one suspicious 
of malignancy and several small areas should be removed for biopsy. 

I am pci-sonally a firm believer in the most radical operation for all 
carcinomas no matter what the size because of the impossibility of 
estimating with accuracy the tendency to metastases in any individual 
tumor. 

In large pedunculated or flat adenomas above the peritoneal reflection 
there is an indication to prepare the patient carefully by complete 
emptying of the large bowel and examination of the tumor through a 
laparotomy incision. If no signs of malignancy such as induration 
or dimpling of the bowel at the site of the tumor attachment is present, 
the tumor can be removed as polyps are removed in any part of the 
colon. If the polyp is movable and therefore pedunculated, the tumor 
is grasped between the thumb and index finger in an area where the 
polyp has the greatest mobility within the bowel, small stomach clamps 
are applied on the bowel above and below the polyp, and after the field 
is surrounded with moist pads, the polyp is held firmly as indicated 
and a small incision made through the longitudinal muscle band opposite 
the mesenteric attachment, and the polvni is extruded (Fig. 1). The 
pedicle is ligated well away from the j)oly)3 and the bowel wall is closed 
with three layers of fine silk, the outer layer attaching an appendix 
epiploiea over the suture line (Fig. 2). Fdoves and instruments are 
changed for abdominal closure. 

If the polyp is a sizable sessile attached adenoma or papilloma, a 
bowel resection is the operation of choice. Because of its safety 1 
favor the Rankin obstruction type of resection, leaving the Pajn- 
clamps on for twenty-four hours, applying a spur crusher when they 
arc removed, and closing the colostomy under local anestliesia in two 
to three months. Klortality with this type of operation has been nil 
in over twenty patients. 

Another problem in removal of these tumors is presented when large 
sessile papillomas not suitable for fulguration occur in the ampulla 
of the roelnm. They arc difficult to approach from above or below nn- 
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fo the prcsonec oi' iiuniy goblet cells in waving brandies of llie tumor, 
iis niiidi as a pin! of mucus may bo passed in a day. They may also 
reach a size that produces obsfruelion of the bowel. 

Jlultiplc polyposis of llie colon is frccjncntly a.s.socialed with .severe 
lo.ss of blood inducing jirofound anemia, diarrhea, and malnutrition. 
Carcinoma, frequently mulliiile, developing in the colon at the site of 
^arious polyp.s, can alter the .symptoms by producing obstruction and 
metastases. 


Inflammatory polyps, which accompany long-standing amoebic d.vsen- 
tery or ulcerative eoliti.s, may be the result of massive hyperplasia of 
islands of mucosa between areas of ulceration, or they niaj’' be verj’’ diffi- 
cult to distingui.sh from true adenomatous tumor formation. The transi- 
tion of these benign polyps to carcinoma is by no means a rarity. 

Many of these various polypoid changes in the membrane of the large 
bowel arc found by proctoscopic examinations in a .search for the cause 
of bleeding or change of bowel habits. In children, the protrusion of a 
pedunculated adenoma on defecation is not uncommon. "Where the 
search for the cause of bleeding from the large bowel results in normal 
pj’octoscopic findings and a negative ituoroscopy of the colon, an 
adenoma or papilloma must be suspected. Many such lesions can be 
demonstrated by (he double eontrast enema, using barium and air injec- 
tion, and making stereoscopic films. It is necessary to repeat this exam- 
ination to be sure that the defect found in the first examination is 
present in subsequent examinations. The site of the defect of an 
adenoma ma.r vary six to eight inches because of the long pedicle of 
normal mucosa that jnany of the adenomas deimlop. Continued bleed- 
ing from a colostomy following resection of the large bowel for car- 
cinoma should excite suspicion of the presence of an adenoma in the 
remaining bowel, frequently. Double contrast enemas will demon- 
strate them. 


There are man.y patients ivith persistent l)!eeding of red blood where 
polypoid tumors of the large bowel are suspected but cannot be found 
despite repeated careful examinations. As a general rule, exploratory 
operations in such patients are not justified as it is extremely difficult 
to find adenomas of the bowel by palpation unless they are fairly large 
or a definite part of the bowel is under suspicion. Dixon lias used 
transillumination at the time of operation to demonstz'ate such intra- 
intestinal lesions. Other lesions pre.senting much the same type of blecd- 
• o- are Meelcel’s diverticulum containing gastric mucosa, adenomas of 
the small bowel, malignancies of tlze small bowel, or localized granuloma- 
tous ulceration of the colon. 

, treatment of these polypoid lesions of the huge bozvel, (horoiigh 
• niOTal by the safest and simplest method is the undorb-ing principle. 
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snscepting the bowel mucosa. The normal, healthy mucosa surrounding 
the tumor is picked up hj’’ Allis forceps, to prevent retraction of the 
mucosa, and the tumor is completely removed by the cutting cautery 
going through the submueosa. Bleeding points are ligated and a 
riuining stitch of catgut approximates the mucosa on both sides of the 
defect. In a few instances a complete circumfeiential cuff of mucosa was 
removed with end-to-end suture without seriously nan owing the lumen 
of the bowel Avhich is normally u ide in this region 



Pig 2— Ligation ot the peiliclc of the poUp closure of the bouel ualt in 

With fine citgut 

The completely incised bowel wall is then closed with fine catgut, 
taking caie not to place sutures tlnough the mucosa which w'ould seiwe' 
as aAcmics of infection fiom the lumen ot the bowel (Pig 4) Tiip 
stitches arc placed m the submucosa, which tends to invert "tlie mucosa 
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less OIK' (leeides lo rcinovc llic reel inn, Miiicli in mj' opinion is not neces- 
sary in liic Ininors M-liicli arc benifin Tlierc again induration or ulcera- 
tion as well as biopsy makes the decision as to their bcnignancy. In 
iilteen eases the operation depicted in the illustration by Shepard was 
carried out. The rectum is split open up to the eocej'x (Fig. 3). The 
tumor is grasjied by Allis foreep.s and gently pulled dmniward, intiis- 
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into the lumen of Die boAvel, TJic muscnlai'is is tiien sutured with inter- 
rupted catgut and a third row of slilclics is placed through the areolar 
tissue over the bowel, whieli includes the extensions of the external 
sphinetei' muscle to the coccyx. The extcrjial sphincter muscle is united 



I sizable benlRii lesions in the ampulla of the rectum 

3,.-Opqration tor of tl.c mucosa. 

showing lue in>- 

n 1 Uiterrupted inatti-ess stitelies of catgut. The remain- 
separately by two i 1^ sulfanilamide crys(aJ.s, and a va.selmcd 

ing wound IS wound. TJie bowels are moved on 


piece of gauze is ai 



A NEW PEACTICAL SIGJIOIDOSOOPE 

CrciL P. G. Waiveley,® C.B., D.Sc., F.E.C.S., P.A.O.S., Hants, Eng. 

F oe more than a j-ear I have been using a coldlite sigmoidoscope 
which has some very definite practical advantages over all other 
forms of instruments. Coldlite solves the problem of introducing cold- 
light inside the body without danger, glare, or electric shock and is 
especialls' useful in illuminating cavities. 

Hitherto made in solid form only as retractors, specula, or tongue 
depressoi-s, tubular instruments such as sigmoidoscopes and procto- 
scopes have now been produced.! 

The main features of the sigmoidoscopes (Fig. 1) are that the source 
of light is placed outside the tube, allowing an unobstructed view, free- 
dom of operation, and safe use of diathermy instnunents as the mate- 
rial is a perfect nonconductor of heat and electricity. The cold light 
travels along the wall of the instrument and escapes at the distal end 
showing the object under examination in a plastic fonn and natural 
coloring. 



t le 1 — CoUnue examination and operating sigmoidoscope \i ith airtight tvindow for 
inflation and light attachment. (Brit Pat. Appl. No. 5257/42.) 


I hate had made a stainless steel inspection mirror with a gradu- 
ated stem (Fig. 2 ) for use inside the sigmoidoscope. Ulcers, poljTii, 
fissures, and carcinomas can be detected at an early stage with the aid 
of the mirror, as they can be easily seen through the walls of the 
sigmoid oscope, greatly facilitating an eaidy and accurate diagnosis. 


■inJ^r^Mpnlsfry Surgeon to the Royal Navy 

ReccHcd for publication, March 13. 1943 
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(he tliird or fourth d;iy by im oil and water enema. There is some leak- 
age along the suture line about the sixth day but in all of the patients 
healing has taken plaee without a fistula, with eontinenee of the sphincter 
niuscle.s, and to date no jiatient ha.s developed carcinoma at the removal 
site of the papilloma. One patient, had a small local recurrence of the 
papilloma which was cured by fulguration. He has been well and with- 
out recurrence for over five yeai-s. 

illultiple polyposis of the colon is a distre.ssing lesion and because of 
the frequency of the development of malignanc}' should be treated by a 
graded I'omoval of the colon. If the rectum is the site of but a few 
])olyps, they may be fulgurated and destroyed and eventuallj- an ileo- 
sigmoidostomy perfoianed. 

Multiple inflammatory jiolj'ps occurring in ulcerative colitis are an 
indication for ilcostoni}' and coleetomj' due to the danger of malignancy 
developing in them. If one or two pol3'ps develop following amoebic 
dj'senterj’’ or ulcerative colitis, the.v maj' be treated as outlined for 
poljq)s of noninflammaloiy origin. 

In suinmaiy, it should be emphasized that poljq^s of the colon and 
rectum should be radically' destro.ved or removed due to their tendenc.v 
to malignant degeneration. Manj' can be handled well bj' fulguration 
and local removal but where neecssaiy more radical surgery is indicated 
and .should bo done. 



ANTEKIOR EESECTION OP THE EECTOSIGMOID AND UPPER 
RECTUM WITH RE-ESTABLISHMENT OF CONTINUITY 

Latikenck Sidney Faleis, M.D., F.R.C.S. 

(From the Department of General Surgery, Henry Ford HospUal) . 

R estoration of contimiity of the mtestinal tract after removal 
of carcinoma of tlie rectum has long attracted the attention of sur- 
geons. Many of the earlier perineal procedures for excising rectal car- 
cinoma such as the operations of Hochenegg, ICocher, Ailingham, and 
others aimed at reuniting the bowel and preserving the sphincteric ap- 
paratus. 

This period in the development of the surgery of rectal cancer ended 
with Miles’ convincing demonstration of the undeniable superiority of 
his radical combined abdominoperineal operation. Vastly improved end 
results, and freedom from complications and annoying sequelae eventu- 
ally led to the almost complete abandonment of other jneasures for the 
eradication of rectal and rectosigmoid malignancies. Miles based his 
operation on the concept that carcinoma of the inetum- spread in all di- 
rections, upward, downward, and laterally. However, the more recent 
studies of regional glandular metastases in carcinoma of the rectum by 
Coller and co-workers,^ and Gilchrist and David® indicate that glandu- 
lar metastasis is upward in the great majonty of instances. This ob- 
servation raises the point that the combined operation may be unneces- 
sarily radical in low sigmoid and rectosigmoid carcinomas and has led 
to a limited revival of operations in which the Imv rectnm levatores and 
muscles and the sphincteric apparatus are not sacrificed. Horsley,® 
Devine,"* Pratt,® Dunphj',® and Dixon® and otlicrs have all made contribu- 
tions to this effect. 

The one-stage combined abdominoperineal operation of Miles still 
remains the operation of choice for most cancers of the rectnm and recto- 
sigmoid. Under certain circumstances which more or less may be de- 
fined, depai-ture from this univei-saliy adopted procedure is permis- 
sible. Anterior resection of the rectum with or without restoration of 
continuity is an alternative method of dealing with tumors of that ill- 
defined region, the rectosigmoid. The great difficulty in having any- 
thing to do with operations for rectal carcinoma which do not require 
permanent colostomy is that the .surgeon will be tempted to extend the 
.scope of selection of cases to include those patients that should be sub- 
jected to more radical procedures. The temptation to make re-estab- 
lishment of continuity the sole objective of tiie operation is one that 
must eonstaully fie guarded against if the surgeon is to avoid that most 
grievous of surgical sins, namely, fitting the patient to the operation 
rather than the operation to the patient. 

Recclvca for publication, June 5. 1943. 
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A furllior advantage is tiial. once the instrument is introduced the 
complete examination can be carried out by moving tlie mirror inside 
tlie tube, thus eliminating discomfort to the patient. 



Fipr. 2. — Stainless steel Inspection mirror, graduated stem. 


For all practical purposes unbreakable, sterilizable by boiling, this 
instrument has proved a valuable addition to the siu-geoii’s examina- 
tion equipment. 
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tion in carrying out iviiat is adinittedl3'^ a Jess radical procedure wliich 
might be curative rather than condemning the patient to a certain fate. 


PREOPER.mVE PREPARATION 

Under local anesthesia a transverse incision is made cutting across 
the right rectns muscle midwaj' beUveen the umbilicus and the costal 
margin and separating the fibei-s of the posterior rectus sheath in the 
line of the incision. A loop of underlying colon is delivered into the 
wound and held in position by a glass rod thrust through its mesentery. 
Since the operation requires onty a few minutes, there is minimal dis- 
turbance, and the patient becomes ambulatory in two or three days. 
Transection of the bowel produces complete defunetionalization. 

Daily irrigations of the distal segment with antiseptic solutions in- 
cluding suspensions of zinc peroxide over a two-week period reduce 
the bacterial count of the colon and the inflammatory elements of the 
tumor. At the same time the general condition of the patient is built 
up with a high protein diet, vitamin C administration, and blood trans- 
fusion when indicated. 

ANESTHESIA 


Unless contraindicated, spinal anesthesia with dilute nupercaiue solu- 
tion 1 :1500 is the anesthetic of choice, although a combination of gen- 
eral and local anesthesia -ndU be satisfactory if the transverse incision is 
used. 

INCISION 


One of the chief difficulties of the operation is the depth in the pelvis 
at which the anastomosis must be carried out. Tlie use of a modified 
transverse incision reeeutlj' described bj’- Chernej^® is of inestimable 
value. This curved incision runs across the lower abdomen in the pnbic 
hairline from a fiugerhreadth below one anterior superior spine line 
to the same point m the opposite side. The anterior sheath of both rectus 
muscles and some of the aponeurosis of the external oblique muscles are 
cut in the line of the incision. The lower flap of rectus sheath is then 
turned doum to the pubie spine where the rectns and pswamidalis on 
both sides are detached from the pubic crest and turned upward. The 
peritoneum and Iransversalis fascia are cut in the line of the incision. 
The exposure is perfect and the wound is ea.sily closed. The abdominal 
wall heals soundly. 


With the abdomen opened, the patient in the Trendelenburg position 
and the small intestines packed awajy the operation proceeds alon^- con 
ventional lines with regard to mobilization of the portion of bowel con 
taimng tumor viih the exception that ligation of the inferior mesenteri 
artery is delayed until mobilization is complete. The rectinn to oar. 

raw IV., „ the b.3. „ „„ iMto, pvottaL, and 

tcnoily, and togetlier with the mesoreetum it is shelled out from th 
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INDICATIONS I-’OK ANTEHIOR RESECTION 

1 . Oiieration of choice in finnors of Ihe low sigmoid 

2 . As a matter of expediency in certain poor-risk patients 

3 . As a substitution for the classical abdominoperineal operation in 
cases of borderline oj)crabilil3" 

4 . When permanent colostomy is refused 

Tumors of ilic Low Sigmoid. — Tumors involving the sigmoid just 
pioximal to the peritoneal reflection alwaj's present pi’oblems in man- 
agement. Exlerioi'ization, often impossible because of obesity, shortened 
Tnosentery, etc., does not pei-mit the removal of enough mesenteiy to 
satisfy tJic requirements of a radical oiieration because the inferior 
mesenteric and superior hemorrhoidal vessels must be left intact in 
order to preserve nutritioji of the distal loop. The sigmoid arteries with 
the adjacent mesentery can usually he removed, but since the ljunphatic 
radicles from this area drain into the l3miphalic chain running with tlic 
superior hemorrhoidal and inferior mesenteric artertes, it is imperative 
to remove these vessels if a imdical resection is to be performed. It is 
true that the combined abdominoperineal operation fulfills this require- 
ment, but in man3^ instances it is unneecssarilA’ radical, for the l3"mphatic 
drainage in this region is lai’gehv upward rather than dovmward or 
lateral. The operation of anterior resection of the I’ectum is ideal in 
this location since it pewnits removal of the portion of bowel containing 
the tumor together with adequate removal of mesosigmoid and meso- 
rectum with their contained blood and l3'mphatie vessels. 

Poor-Risk Patients. — Anterior resection of the rectum ma}" be utilized 
as a matter of expediene3^ iji certain poor-risk patients who in spite of 
careful preparation and adequate support are staiiding operation poorly. 
When it is evident that it is not prudent to continue with a proposed 
abdominoperineal resection the operation can be terminated at once by 
sectioning and closing the rectum below the tumor and extei'iorizing 
the upper loop and the tumor. 

Palliati'ue Operations. — Palliative resection of the rectum for lesions 
involving the rectosigmoid or upper rectum in the presence of local 
extension of the disease, enlarged lymph nodes along the aorta, or a 
single demonstrable liver metastasis is now recognized as a justifiable 
procedure. Man3" lives have been prolonged foi- montlis in relative com- 
fort b3r adopting the attitude of removing all resectable tumors even in 
the presence of laiown raetastases. Life may be made still more tenable 
for those unfortunates if the surgeon chooses to restore continuitj" of the 
intestinal tract by adopting the operation of anterior resection. 

Whe 7 i Colostomy Is Refused.— It has been claimed that when a pa- 
fent refuses colostomy it is because of poor presentation by ihe surgeon 

i\- al adviser. Nevertheless, there is a small group of patients who 
refuse any operative procedure which will necessitate a per- 
will flatly -syith them it is a que.stion of cither no colostomy 

manent colos o y. tjjjg problem has some jnstifica- 

or no operation, inesuifc 
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tion in carrying out wbat is admittedly a less radical procedure which 
might he curative rather than condemning the patient to a certain fate. 

PEEOPERATIVE PREPARATION 

Under local anesthesia a transverse incision is made cutting across 
the right rectus muscle midwaj' between the umbilicus and the costal 
margin and separating the fibers of the posterior rectus sheath in the 
line of the incision. A loop of underlying colon is delivered into the 
wound and held in position by a glass rod thrust through its mesentery. 
Since the operation requires only a few minutes, there is minimal dis- 
turbance, and the patient becomes ambulators’’ in two or tlmee days. 
Transection of the bowel produces complete def unctionalization. 

Daily irrigations of the distal segment with antiseptic solutions in- 
eludmg suspensions of zinc peroxide over a two-week period reduce 
the bacterial count of the colon and the inflammatoiy elements of the 
tumor. At the same time the general condition of the patient is built 
up with a high protein diet, vitamin C administration, and blood trans- 
fusion when indicated. 

ilNESTHESIA 

Unless contraindicated, spinal anesthesia with dilute nupercaiue solu- 
tion 1:1500 is the anesthetic of choice, although a combination of gen- 
eral and local anesthesia will be satisfactory if the transverse incision is 
used. 

INCISION 

One of the chief difficulties of the operation is the depth in the pelvis 
at which the anastomosis must be carried out. The use of a modified 
transverse incision recently described by Clierney® is of inestimable 
value. This curved incision runs across the lower abdomen in the pubic 
hairline from a fingerbreadth below one anterior superior spine line 
to the same point in the opposite side. The anterior sheath of both rectus 
muscles and some of the aponeurosis of the external oblique muscles are 
cut in the line of the incision. The lower flap of rcetus sheath is then 
turned doum to the pubic spine where the rectus and pju’amidalis on 
both sides are detached from the pubic crest and turned upward. The 
peritoneum and transversalis fascia are cut in the line of the incision. 
The e.xposure is perfect and the wound is easily closed. The abdominal 
wall heals soundly. 

OPERATIVE TECHNIQUE 

With the abdomen opened, the patient in the Trendelenburg position, 
and the small intestines packed away, the operation proceeds along con- 
ventional lines with regard to mobilization of the portion of bowel con- 
taining tumor \dth the exception that ligation of the inferior mesenteric 
artery is delayed until mobilization is complete. The rectum is sepa- 
rated from the base of the bladder, prostate, and seminal vesicles an- 
teriorly, and together with the mesorectum it is shelled out from the 
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10 ow of Iho sacniin. Tlie micltlle hemorrhoidal vessels are sacrificed 
on y if fhe rectal sliunji is to he very short, such as occurs in palliative 
rcsecUoiis of the rectosigmoid and upper rectum. Jfobilization is com- 
p ete Avhen t]ie rectum can be pulled well up into tlie wound and there 
IS a generous margin of healthy tissue below the tumor. Attention is 
now dii’cetcd to the blood vessel pattern of the sigmoid and descending 
colon, for on this depends the success of the operation. The blood snp- 
plj’’ of the sigmoid is in the form of a I’ascular loop which is mueli 
shorter than the loop of boivel itself. The vascular bundle at the base 
of the mesentery must be sectioned for two reasons. First, in order to 
permit removal of tissues possibly invaded by extension of the growth, 
and seeond, to allow unfolding and elongation of the sigmoid loop. The 
point of section of the inferior mesenteric artery is extremel.v important, 
for after dividing this vessel the vitality of the sigmoid depends on the 
vessels supplying the marginal artery. If the upper and lower sigmoid 
arteries arise separately the ideal site for section is between them, for 
then the blood will enter fhe upper sigmoid artery, pass into the mai’- 
ginal artery, and thence back into the lower sigmoid ai’tery, and so on to 
the distal extremity of the loop. A problem presents itself when the 
sigmoid arteries arise from a common trunk, for if the inferior 
mesenteric artery is divided below the sigmoid trunk, it is often impos- 
sible to elongate the sigmoid loop, and if the artery is sectioned above 
the sigmoid trunk the left colic artery may be too slender to maintain an 
adequate blood supply tlirough tlie marginal artery. However, the 
quandary is not too great because in an.v event one has to depend to a 
certain extent on what happens to the color of the bowel after ligation. 

If after division of the inferior mesenteric vessels there is any question 
about the viability of tlie bowel as evidenced by its dusky color, attempts 
at restoration of continuity must be abandoned. The choice then re- 
mains of continuing with anterior resection by closing tlie rectal stump 
and forming an abdominal artificial anus or by proceeding wifb the 
classical abdominoperineal resection. 


The surgeon, having satisfied himself that the circulation in the sig- 
moid is unimpaired by section of the inferior mesenteric artery as evi- 
denced bj' maintenance of its bealtliy 2)ink color, cuts the mesorcctum 
at as low a level as is consistent with the introduction of the anastomotic 
sutures and frees the anterior wall of the rectum from adiierent fat 
tax’s Low suturing of the rectum makes possible suhseqiient digital 
examination of the anastomotic site and reduces the amount of tissue 
dependent on tlic inferior hemorrlioidal vessels. The rectum is then 
double clamped and cut across with the actual cautery. The IMcClurc 
d'fi ation of the Purniss clamp*’ is ideal for the rectal stump since 
moai Cc controlled hr the needle introduced through the clamp 

Ac h 4 i is removed. The sigmoid is likewise dealt with, being 
atter Tlie < ^yithout tmision. 

certain to < F; gj inferior mesenteric vessels, and portions of 

The tumor, acl]acent j 
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both the mesosigmoid and mesorectnm are thus removed to satisfj* the 
requirements ot a radical operation. If a Furniss clamp has been used 
to close the sigmoid colon it is now removed, the bowel controlled by 
the needle or pin, and a closed anastomosis is carried out. After the first 
row of interrupted silk sutures are put in, the needles are removed, the 
septum is broken down, and a second row of silk Lembert sutures is 
inserted. A rectal tube is now inserted through the anus up past the 
anastomosis to splint the bowel and carry off intestinal secretions. An 
open anastomosis is just as readily carried out and perhaps permits 
more accurate suturing. Five grams of sulfanilamide powder are 
dusted into the pelvis and the pelvic floor is re-formed about a Penrose 
drain. As the abdominal incision is being closed, an additional 5 Gm. 
of sulfanilamide are put in the various layers and a small rubber tube 
is used to drain the space of Retzius. The operation requires about the 
same time as the combined abdominopei-ineal resection. There is a good 
deal less shock. 

AFTERCARE 

The functioning colostomy allows early resumption of alimentaiy feed- 
ing and so hastens convalescence and healing. The pelvic drain and 
rectal tube are left in place for at least five days, so that the integrity 
of the anastomotic site may be investigated by injecting methylene 
blue into the distal loop of the colostomy. Some leakage usually oecui-s 
for the rectum, having no peritoneal covei'ing, heals slowlj*. Crushing 
of the colostomy spur should be delayed until the anastomosis has healed 
and final closure of the colostomy is best deferred for at least a month. 
Patients become ambulatory in twelve to fourteen days and usually are 
able to leave the hospital in two and one-half weeks. The total hospital- 
ization period is between four and five weeks. 

COJtFLICATIONS 

Primary healing of the anastomotic site is the e.vception rather than 
the rule, owing to the lack of peritoneal covering of the rectal stump. 
Failure of the marginal artery to provide adequate blood supply to the 
end of the sigmoid must be a factor in some instances. Contrarv to 
what might be expected, the blood supply of the remaining portions of 
the rectum is satisfactory even when the rectal stalks have been sacri- 
ficed. The inferior liemorrhoidal vessels alone apparentlv are 
of nourishing the lower rectum. 

Delayed healing of the anastomosis, whether from actual loss of bowel 
tissue or failure of the sutures to hold, means that the union is effected 
by granulation tissue. Contraction of this sear tissue invariablv re 
suits in narrowing of the anastomotic site, sometimes to tlie point of 
actual stricture. Repeated dilatation may keep the opening patent in 
some patients while in others the difficulty is so great that inmiinal 
colostomy is necessary. “ 
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RESULTS 

TJie foi'cgoing oi^ijiioiis are based on a small personal experience of 
lliirtj'-onc operations performed during a three-year period, 1940 to 
1942, inclusive. TJic series is necessarily limited because combined ab- 
dominoperineal I'cseetion is routinely performed for carcinoma of the 
rectum and anterior resection is reserved for the small group in which 
the indications for the operation appear to be clearly defined. There 
were two operative deaths, one on the fifth postoperative daj^ from liver 
necrosis considered due to sulfonamide and the other on the eighteenth 
postoperative day from paralytic ileus. The mortality rate of 6.5 per 
cent compares favorably v'ith that of the combined operation. Seven 
of the operations (22.3 per cent) were for tumors of the low sigmoid. 
There were eight patients (25.8 per cent) on whom the operation was 
only palliative because of liver* metastases or local extension of the dis- 
ease. One patient with liver metastases was able to work for one year 
before he finall}'’ succumbed. Stricture of the anastomotic site has 
occurred in three patients. One has required permanent eolostomj^ but 
the other two have been kept patent by r-epeated dilatations. Two pa- 
tients have persistent fecal fistulas. Although insufficient time (six 
months to three years) has elapsed to discuss sniwival rates, the fate 
of the patients to date is approximatelj^ the same as for a similar group 
following the combined operation. Of the twenty-one patients who sur- 
vived operation and whoso operation might be classed as curative, two 
(9.5 per cent) have died and an additional two (9.5 per cent) show 
evidence of recurrence. 

susnuRV 

1. The rationale and technique of the anterior approach for excision 
of carcinoma of the rectosigmoid and upper rectum are presented. 

2. The use of the operation is suggested as an alternative not as a 
substitute, for combined abdominoperineal resection in selected eases. 

3. The advantage and complications are discussed. 


references 

1. Colter, F. A., Kay, E. B., .and MacIntyre, R. S.: Kegional Lymphatic Met.asta.w.s 
of' Carcinoma of the Colon, Ann. Surg. 114; 56-67, 1941. 

2 Gilchrist E. K., and David, V. C.; L.vinpli.atic Spread of Carcinoma of Rectum, 
Ann. Surg. 108: 621-642, 1938. ^ _ 

9 •pr.<r«lpv ' J. S.: Resection of the Rectosigmoid and Upper Rectum for Cancer, 

' wSh Bnd-to-End Union, Surg., Gynee. & Obst. 64: 313-323, _193(. 

1 Devine Hugh: Excision of the Rectum, Brit. J. Surg. 25: 351-381, tOSi. 

4. Devme, b Operation for Resection of Rccto-.Sigmoid and Rectum 

0. Pratt, Without Hy-sterectomy); Combined Anterior and 

p .prior Resection; Combined Abdomino-Perinea! Resection, Am. .7. Obat. 

r- p^ec 36: 209-21S, 103S. , ^ . . . , i „i. 

Gyn • _ Anterior Resection for Cancer of the Rectosigmoid, Arch. 

6. Dunphy, a. -ogs 1941. 

D. Snrric'al Removal of Lesions Occurring in the Sigmoid and 

7. Dixon, r Surg. 46: 12-17, 1939. 

Beotosigmo > Transverse Incision for Loiv Abdoininul Operations, 

S. Cherney, L. S.: ^ ^941, . „ . . 

Surg., Gyncc. niamp for Closure of the Diiodcn.nl Stump in Gastric 



PRIMAEY RESECTION (CLOSED ANASTOMOSIS) OP THE 
COLON AND RECTOSIGjMOID 

Tngludikg Description of ABDomNO-ANAL IMethods foe Restoration 
OF Continuity Accompanying Excision of Carcinoma 
OF THE Rectal Ampulla*^ 

Owen H. Wangensteen, M.D., JIinneapolis, Minn. 

(From the Department of Surgery, University of Minnesota) 


PROCEDURES UNDER DISCUSSION 

C URRENT practice in the Univei-sitj' of Minnesota Surgical Clinic is 
to try to resect all unobstructed lesions of the colon in one stage, 
establishing intestinal continuity by oblique end-to-end closed (aseptic) 
anastomosis, without antecedent or complemental colostomy or decom- 
pressive vents, other than an indwelling tube. Lesions in the rectosig- 
moid, whose lower limits are ivithin 10 to 13 cm. from the anal opening, 
as determined by proctoscopic examination, are treated similarly. In 
addition, for suitable carcinomas of the rectal ampulla between 5 and 
10 cm. from the pectinate line, I am endeavoring to do a one-stage ab- 
domino-anal proctectomy with preservation of the sphincters, establish- 
ing continuity by variants of methods described by others previously. 
The attainment of good to excellent continence, in the majority of the 
few patients who have been operated upon, suggests that a restudy of 
the Kraske and Hochenegg saeroperineal methods (or variants of them), 
with special attention to an abdomino-anal method of dissection and 
restoration of intestinal continuity with preservation of the sphinctei-s, 
is in order. Furthermore, the emphasis which has been given to the 
tqmard spread of cancer of the rectum by the studies of Westhues 
(1930), Wood and Willde (1933), Gilchrist and David (1938), and 
Coller, Kay and MacIntyre (1940) suggests definitely that operations of 
this type are legitimate procedures, as long as one does not compromise 
on the extent of the removal, or invoke the procedure in instances in 
which proximal lymph node blockage may have pemitted retrograde 
or downward migration of metastases. Obiiously, in lesions in juxta- 
’ position to the sphincters, and in ampullaiy lesions vuth local extension 
beyond the bowel wall, the orthodox abdominoperineal operation in 
wliich a liberal portion of the levator ani muscle and the sphincter mus- 
cle are sacrificed, is to be preferred to the abdomino-anal operation de- 
scribed hcrem. 


PresTOted here were suppoitcd by grants of th> 
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Tiic colonic resections reported iicrein Jiave been done by five sur- 
geons; the larger number, JioAvcver, were done by Uvo surgical residents 
and me. Tlic rectosigmoid resections and tiie alidomino-anal operations 
lor ampullary carcinoma were done bA"^ me. 


THE RISE .AND DECIJXE OF TIIE EXTERIORIZATION OPERATION 

Tile adoption of the exteriorization o])eration for carcinoma of the 
coion by iilikulicz (1903) was, in its time, a definite forward step in tiie 
surgical management of colonic cancer. Bryant (1SS2), Bioeii (1S92), 
and Paul (1895, 1912) Iiad previously reported instances in n’iiich the 
exteriorization princijiie liad permitted extirpation of eoionic iesions at 
lesser risks. It was tlic advocacy of the procedure by klikuliez and iiis 
report of a fai'oi'abie experience witli its use, in a lai'ge series of cases, 
that gave tiiis metiiod of deaiing ivitb coionic maiignancy an important 
impetus. Prior tiiereto, the metiiod in general use for lesions in botli 
tile rigiit and left colon urns primary resection employing the open anas- 
tomosis. In his initial repoii, HUkaliez (1903) reported a group of 
twenty-four cases, in which exteriorization, accompanied by immediate 
remoAmI of tiie lesion in some of them, was done, foiloAved by secondary 
closure of the eoionic stoma Avitli a mortality of 16.6 per cent. j\Iikulicz 
faA’ored a one- or tAvo-stage resection for lesions of tiie rigiit half of the 
colon and reserved tiie exteriorization ]iroeedure for lesions of tiie left 
colon. Up until quite recently, tiie precepts of ilikuliez, Avitii reference 
to choice of procedure in dealing AA’itli colonic malignancy, liaA-e been 
folIoAA'ed quite generally. Laliey (1932) extended the exteriorization 
plan to lesions of the right colon, a suggestion Avliicli has not met Avith 
AAude adoption or faimr. 

It AA'as the preAmlcnt high mortality from peritonitis that persuaded 
the surgeons of a generation and more ago to abandon primary colonic 
resection in faA'or of the exteriorization principle. Surgery of that time 
was not readj' for primary resection. Oblique section of the bowel, with 
re-establishment of intestinal continuity by the closed method of anas- 
tomosis, has changed ail tliis. Surgeons, Avho IniA-e schooled themselves 
ill the precepts of Halsted Avith reference to intestinal suture technique, 
find that a satisfactory one-stage, oblique, end-to-end anastomosis can 


be made anyAvhere in the intestinal canal. 

Schoemaker (1921, 1927), Wilkie (1939), Campbell (1940), and 
Whipple (1940) haA-e been ardent adA-oeates of the onc-slagc elosed 
anastomosis. Wilkie and Whipple favor an auxiliary ceeostoniy or other 
xternal drainage A'ent for lesions of the loft colon. Camjibell felt no 
essity for establishment of an external safety vent. Scliooniakcr 
adAUsed a preliminary cceo.slomy for ohstruefivc lesions in the 
. ~ onion 111 the eases herein reported, a eomplementnl dc- 

desceiui n employed only three times, all in re.s-ecfions of 

rpSkcolon. Appeiidicostomy AA-as done tAvice and in the one pa- 
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tient in this series of resections in rvhich an open anastomosis was 
made, a eomplemental colostomy was done. In one of the appeu- 
dicostomies, infection of the wound occurred. Therewith, external 
decompressive vents, as an aeeomijaniment of colectomy, were giA'en 
up altogether. Cheever (1931) rvas able to report a series of thirty- 
five cases of primary resection in the colon for malignancy in which 
anastomoses were made by the open method with a mortality of only 
8.5 per cent. Cheever felt the employment of an external decom- 
pressive vent important; when it was omitted, the mortality increased 
considerably (24 per cent). The routine employment of suction applied 
to an indwelling duodenal tube probably has rendered unnecessary the 
use of such external drainage vents. Stone and IMcLanahan (1942) re- 
port a mortality of 10.6 per cent employing the closed anastomosis in 
colonic resections, whereas when the open anastomosis was employed the 
mortality was 20.6 per cent. 

An important advantage of primaiy closed resection over the exterior- 
ization operation is in the amount of mesentery constituting the lym- 
phatic drainage area which can be sacrificed. Rarely, if evei’, need the 
surgeon compromise on the extent of excision of mesentery in primary 
resection ; whereas, obviously, in the exteriorization operation, there are 
practical limits to the amount of mesenteiy that can be excised without 
risking the viability of the bowel brought tln-ough the abdominal wall. 


THE operation 

The material embraced in this report covers a two-year period (April 
1, 1941, to April 1, 1943) dui-ing which time sixty primary resections 
were done for carcinoma of the colon and i-eetosiemoid. The closed or 
aseptic method has been in use in this clinic for a longer period of time. 
Only Avithin the period of the study, hoAvevei', has the policy been fol- 
lowed consistently of attacking adherent gi'OAvths by remoA'ing the tissue 
in juxtaposition to it. In other AA’ords, studied attempts have been made 
to avoid contamination during opci-ative procedures occasioned by com- 
ing unexpectedly upon a perforated lesion. In instances, in AA’hich pre- 
liminary dissection disclosed i>robablc perforation of the lesion against 
the abdominal AA'all, mesentery, ureter, uterus, or bladder, a part of that 
structure AA'ould be sacrificed rather than accept the risk of spillage and 
bacterial contamination. The hope lent that sulfonamides, such as 
sulfaguanidinc and succinyl sulfathiazole, Avould sterilize the intestinal 
content of the colon and render spillage through contamination of per- 
forated lesions innocuous has not been home out in the experience of this 
clinic. The only reliable safeguard against the contingency of openiim 
such perforated lesions is to adopt the arbitrai-y policy of sacrificing even 
mich important structures as a ureter or an additional loop of LavoI 
this principle of operation envisages the performance of more radical 
procedures but with a greater economy of life. Economy of the sur<^eous 
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time becomes a relatively unimportant consideration when weigliiiig 
the element of hazard to the patient presented by two alteraative seliemes 
of procedure. Also, only during the two-year period under considera- 
tion have the surgeons in this clinic become familiar enough with the 
nutritional needs of the debilitated patient to eliminate largely the losses 
sustained on this score in earlier years. The item of preparing patients 
satisfactorily for opcratioji, who have lost eonsidei’able weight, and the 
problem of meeting caloi'ie and nitrogen requirements of such patient.? 
are matters of major impox’tance in dealing with poor-risk patients who 
frequently require formidable operative procedures. Acute colonic ob- 
structions are excluded from this study, save in so far as such patients 
came up for consideration of resection after relief of the obstruction. 
There were six patients in this group who had antecedent colostomy foi' 
acute obstruction. 


MEETIKG CALORIC vVN'D NITROGEN REQUIREJIBNTS 


Patients, who have been supported by their omi fat stores for fairly 
long periods and whose existence might be described as having been 
autocannibalistic, frequently, at operation, are found to have fatty 
livei's. And patients with fatty livers tolerate strenuous operative pro- 
cedures very poorly. A systematic and careful inquiiy into the charac- 
ter of food ingestion and the extent of weight loss is, therefore, extraor- 
dinarily important. The greater the percentile loss in body weight, the 
longer must be the period of preoperative preparation. Weight losses 
in excess of 25 per cent of the initial body weight demand a long period 
of preoperative feeding of a high protein, high carbohydrate, low fat 
diet. Patients with acute obstruction, obviotislj', must Jiave an ante- 
cedent decompressive ojieration. Patients with mild obstruction, who 
exhibit large weight losses and wlio require a long period of preoperativc 


feeding, also should have an antecedent colostomy; oceas3onal]3', how- 
evei’, if the weight loss is not large, intravenous feeding of a 20 per 
cent glucose solution, amino acids, and plasma will suffice and make a 


temporaiy colostomj’^ unnecessaiy in patients with mild obstructive 
sjnnptoms. The precepts of Madden and Whipple (1940), Ravdin 
(1940), and their associates have guided us in meeting the calorie and 
nitrogen requirement of patients who have sustained large u'cight losses. 
My a'ssociatc, R. L. Yarco (1942), has compounded two diets which in 
our experience have met the requirements of preparing hospital patients, 
who have lost considerable iveight, for operation. In gastric cases with 
obstruction, the problem is even more difficult in patients wlio have lost 
20 to 35 per cent of their body weight, a minimum of throe weeks usu- 
llv has been employed in replacing depleted body stores with a high 
A • onrt carbohydrate and low fat diet. Successful gastric resection 
protein < • ^ .j patients exhibiting recent weight 

,„s been f nf l!,c 

losses, constituting oa 
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B^PRO^^NG THE OPERATH'E MORTALITY SCORE 

Keductioii of operative mortalitj' is essentially the same problem as 
stopping the leaks in an expense account. No surgeon probably will 
learn to keep all the leaks sealed. However, it is very reassuring to 
note, as competence in a clinic improves in one item after another in 
the many problems involved in the care of surgical patients, how those 
increments of gain are reflected directly in an improved mortality. The 
best surgeons of the past generation were content with a mortality of 
10 per cent in formidable operations for malignancy in the gastrointes- 
tinal canal. However, small gains in knowledge here and there, such 
as improved anesthesia, effectual schemes of preventing intestinal dis- 
tention, and a better understanding of the importance and the technique 
of preparing patients for operation and caring for them after, should 
begin to be apparent. Avoidance of deaths, from pneumonia and 
peritonitis, attending operations of election is almost within the sui-- 
geon’s grasp, if he ivill only be alert and responsive to the available 
means of thwarting these disastei-s, which have pursued the surgeon 
stealthily and too effectively since the very beginnings of abdominal 
surgery. Yet, when one contemplates the infirmities of age as well as 
the debility frequently attending gastrointestinal neoplasms, the goal of 
a low mortality appears difficult for consistent achievement. As the 
surgeon’s confidence increases in methods of preparing poor-risk pa- 
tients for operation, he is persuaded to accept risks of a strictly border- 
line character. With advantages of management unknown to our sur- 
gical predecessors of a generation ago, we should be able to improve 
upon their record of accomplishment and still extend the benefits of 
operation to a larger group of patients. A greater salvage of life is to be 
achieved obviously through urging patients witlr symptoms suggestive 
of a colonic malignancy to report for pain.staking examinations at an 
early date. Yet, the surgeon’s responsibility is to deal with the problem 
as he finds it. Perhaps in no malignant neoplasm in the bod.y ai-e de- 
termined efforts, directed at cxci.sing widely an adhej-ent growth, more 
commendable than in the colon. As contrasted with the stomach, the 
number of long sunfivals or apparent cures attending the grubbing out 
of difficult adherent neoplasms in colonic malignancies is large, as the 
experience of many surgeons attests. Long periods of palliation attend- 
ing resection, in the presence of hepatic metastases, in my experience are 
not unusual. Survival beyond six months, when gastric resection is 
carried out in the presence of hepatic metastases, appears to be dis- 
tinctly unusual. Survival beyond one year, under similar circumstances 
when the primary lesion is colonic, is not unu.sual, in my experience. 

I. COLON 

Han of Operation.—Preoperative preparation of the colon: We have 
tried most of the expedients which have been suggested for preparing 
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the colon for operalion. None ai>o wliolly satisfactory. In tiiis series 
of cases, llicre has been a fairly large number in ivhieJi the preparation 
was poor— usually in patients with low-grade obstruction, frequently 
unrecognized preoperatively. Yet, employing a closed or aseptic mode 
of suture, the surgeon need not change his plan of operation because 
feces are present in the bowel. In se%'eral patients in this series, primary 
colonic resection -was done despite the presence of feces proximal to a 
somewhat stenotic lesion. It is my impression that the preoperative ad- 
ministration of a liberal amount of mineral oil by mouth and the giv- 
ing^ of colon flushes just prior to operation are the best schemes of in- 
suring an empty colon. Sulfaguanidine and succinyl sulfathiazole have 
been einplojmd and each has been given uj) in favor of the preopei’ative 
administration of enemas. No sulfonamide is gi\'en prior to operation. 

Indwelling lube; Over a period of luoj-e than twelve years in tliis 
clinic, patients having abdominal operations of election have gone to the 
operating room with an indwelling duodenal tube in place. To this 
practice, patients with colonic or rectal malignancy are no exception. 
Suction is employed prior to, during, and after operation, lifter gas- 
tric resection, the duodenal tube is left in place three full days after 
operation ; after pazfial colectomy, the tube is allowed to remain for five 
daj’s. tYhipple (1940) has come to put eonsiderahle reliance on the 
Jliller-Abbott tube in colonic surgery. In tJiis clinic, too, we have 
learned to appreciate many of the advantages of the Wller-Abbott tube; 
however, as a prophjdaxis of intestinal distention, the ordinaiy nine- 
hole indwelling duodenal tube meets the situation admirably in most 
patients. Moreover, if the Miller-Abbott tube, placed well down in the 
reaches of the small intestine, is used as a prophjdaxis against postop- 
erative distention often it is found necessaiy to put an additional tube 
down through the patient’s other nostril into his stomach, _ a eirciim- 
stanee which is tryuag to the patient, his relatives, and his surgeon. 

Anesthesia: Cyclopropane has been the basal anestlietic agent for 
abdominal surgmy in this clinic for .real's. During tlie past .rear, a com- 
bination of ejmlopropane and spinal anesthesia has Imeii emplo.ved. Tlie 


anesthetist’s technique of reducing the patient's rcspiratoiy movements 
to a minimum bj^ artificial inflation of the lungs is a selieine partieularl.v 


acceptable to the surgeon, for it insures a quiet abdomen. Improved 
anesthetic methods have been a great boon to the surgeon, permitting 
him to he more deliberate and painstaking in his operative jiroeedui'es. 

Incisions: The vertical incision lias been used largely; in right hemi- 
colectomies, liowever, an oblique incision beginning beneath the left 
costal margin and emu-sing downward and to tlie riglif above the um- 
bilicus is employed frequcutl.v. II affords nood exposure mid gives ready 
less to the midtransvcr.se colon, where the anastomosis will be made 
access m tihvsiolosic one wilb re.speet to nniervafioii and 

This incision ‘ • eo„j.ses obliquely downward 

blood supply as IS tne n „ 
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in the other direction, paralleling nerve and blood supply. The oblique 
incision herein described, however, is superior to the Hoag incision in 
affoi'ding exposure where it is needed most, a consideration which out- 
weighs anj^ other. Surgeons have come to have far more trust in the 
transverse or the oblique, as contrasted with the vertical incision, in that 
evisceration with the latter is more likely to occur. Unfortunately, foi 
low lesions in the left colon, only the vertical incision affords optimal ex- 
posure, and good exposure is so important that it becomes a dominant 
consideration. 



A and B. 

FiB. 1.— Aseptic (closed) oblique end-to-end .anastomosis ntter excision of pelvic 
colon. A, ■ Pi low of sutures. Tlirce or four Halsted mattress 

.sutuies of two-pound test) aie placed with a fine curved-eve 

iieedic (An Then similar, additional, intenupted sutures are 

placed betv row of sutures, should not lie more than T.5 mm., 

away from tiie clamp. If only o mm. of the bowel wall are employed in the suture, the 
resultant lumen will be largei. 

B, The inner posterior low is made with a running suture of 000 catgut. The 
tel rules are knocked oft the clamps before they are rotated for placement of the 
antorioi low o£ sutures. 

r. The double ferrule has been pl.aced o\er the tips of both biades and the locking 
pI.-vicc fastened over the mid-portion. A runliinc suture of catgut is placed near tlie 
cliimiis anteriorly. It is to be noteii that straiKht mosquito forceps arc emploved to 
iiii-ntitv tlic iiosterior catgut .siitiiies, nhile cuned mo.squito ciamp.s arc used for the 
-ame put pose anteriorly. 

I>, The clamps liate'becn wltlidiawn. the anterior and posterior catgut sutures it 
aeb eipl have been tied together, and placement of a rov- -e 

SlltlllOx ’ ■'■’rv exP « . . . 
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Chailes C Thomas, Biiblislicr). 


o portion of 
e.section clam. 
Intestinal ■ 


•pyed 

C. 

of 



410 


SURGERY 


end-to-end oblique closed (aseptic) anastomosis 
as been einplo3-ed to the exclusion of all other methods of anastomosis 
aff 1 subtotal colectomy in which an anastomosis is 

effected hoiween the tcrmhml end of the pelvic colon and the side of the 
cecum h or multiple lesions of the colon, leaving the cecum and the 
ascending colon free, I have become very partial to this scheme of anas- 
omosis (Fig. 1). For idiopathic dilatation of the colon, so-called 
Ilirechsprung's disease, it is, I believe, a quite satisfactorv operative 
pi’ocedure. 



Fiff. 1, O and £>. — ^For les'end see paffe 409 ) 

The Italian surgeon Parlaveeeliio (1898, 1900), the innovator of the 
closed method of making intestinal anastomoses, noted the importance 
of making an oblique section of the bowel, leaving tlie mesenteric edge 
longer. On consulting the original writings of Pariaveeeiiio during the 
past year, I Avas struck Avith tiie great similarity between the clamps 
emploj'ed by ParlaA’ecehio and tiiose made for me in 1938 Ip' hir. John A. 
Phelan of the Scientific Apparatus Shop on the Univci.sity eamjitis. 
Parlaveeeliio described the use of an instrument with well-tempered, 
flexible and thin blades with biting groove.s. Parlaveeeliio cmjilo.ved a 
] king device over the shank of the handies not unlike that in my in- 
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stiTiment. The only things missing in the older instrument are the single 
and double ferrules which prevent spread or separation of the thin 
blades of the clamp as it is closed on the bowel. Interestingly enough, 
Paiiavecchio incorporated in his anastomosis clamp a refinement which 
Sir, Phelan and I discussed but decided to omit, viz., a curve in the 
handles to permit easier rotation of the instrument for the anterior 
suture, after completion of the two posterior rows of suture. Experience 
has shown that the straight-handled clamp, which is easier to manipu- 
late, meets the requirements of the situation very satisfaetoiily. 

The mesenteric angle in end-to-end anastomoses and the problem of 
the intnm: The problem of the mesenteric angle in oblique end-to-end 
anastomoses throughout the intestinal canal undoubtedly has occasioned 
manj^ surgeons to adopt the less phj^siologie procedure of side-to-side 
anastomosis. I have solved this problem for myself in the manner 
illustrated in Kg. 2. The mesenteiy is not to lie relied upon to close 



Fig. 2. — Solution of the dlHicuIty of the mesenteric angle. A., Placement of the 
clamii upon the howel wall at an acute angle (about 45 degrees). The external row of 
sutures will come within the confines of the dotted line, that is. the first nosterior 
row and the last anterior row will not be more than .73 cm. (preferably 5 cm t 
away from the clamp. ' 

.V. n. Detachment of the mesenterj- to a point .75 cm. beyond the site of apnlicatinn of 
the clamp in an oblique end-to-end anastomosis permits placement of every suture 
in the bowel wail. The mesenterj- is not employed in the anastomosis' Th?nfS? 
of dealing mth mesenteric angle, shown licrc. concems the small intestine- tlm^s'SSc 
teclmiquc is employed in resections of the colon. The preparation of the coh,n fee 

courtesy of Charles 


the me.senteric border of the bowel; nor should the mesenteric border 
present any special problem if the scheme is followed of denuding tlie 
bowel of Its mesentery 7.5 mm. beyond the site selected for section of 
the bowel. Furthermore, eveiy stitch is to be placed in the gut wall 
Two row.s of sutures, in which the extent of the inverted bowel does 
not exceed (..i mm., constitute a .satisfactory inturn. No matter where 
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anastomosis is made, the surgeon slioiild set 
1 sell the task of emplo3dng only 5 to 7.5 mm. of the adjacent mils 
ot the tubular Auscera to he approximated. 

Ihc epiploic appendages: Despite the apparent importance of the 
epiploic appendages in the blood supply of the colon, in the interests 
o± placing each and every stitch in the bmvel wall, I have sacrificed these 
appendages as indicated in Pig. 3. Grasping a fatty epiploic appendage, 
overljung the bmvel Avail in a suture, is not an acceptable substitute for 
caieful placement of the stitches into the submucous coat of the bou'el. 



Fig" 3 — Mode of preparing’ the colon at operation for an oblinue end-to-end 
anastomosis The dotted line indicates the pioposcd site for application of the 

clamp 

B, The fatty tags are underrun i\ith a dissectoi Each fatty taff is divided and tied 
as indicated, to obviate liematoma formation The bowel ^^aII Is to be cleareci for a 
distance of % cm bejond tlie proposed site of section This manemei permits the 
surgreon to place each sutuie directlj m the bo^el >\aJl (Prom Wangensteen In- 
testinal Obstructions, courtesj of Charles C Thomas, Publislier.) 


Antecedent or complemental colostomy nnncces'iartj ; If each and 
CA’eiy stitch grasps the submucous coat of tlie boAA'cl, tiic sutures arc oth- 
erwise AA^ell placed, and the blood siipplj” of tlie anastomosed segments is 


presei’A^ed, there does not appear to be an.A' necessity for a pj'eliminar.v 
colostomy or little if aiiA' justification for the so-called “defunctioning 
colostomy” of DcAune (193S) A AAcII-made anastomosis Avill not leak. 
Onty in the piesence of obstiuctioii is an antecedent decompressh'e vent 
necessaiy. For acute obstnietions of the pelvic colon Avith great dis- 
tention it has long been the piacticc of this clinic to establish a trans- 
verse eolostom.A’, a piocedurc Avhich can be accomplished u'ilh little 

of sidfatlnazolc: On completion of the anastomosis, a 
small amount of sulfathiarolc is implanted about the anastomosis In- 
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asmucli as most anastomoses in colonic resections remain in contact 
■witli the small intestine, it is undesirable to leave a large quantity of 
sulfathiazole in the peritoneal eavitj'- because of the known adhesive 
stimulating quality of the drug. When the anastomosis can be ex- 
traperitonealized completely, as in resections of the rectosigmoid, a 
larger implantation of sulfathiazole can be made with no misgivings on 
the score of adhesion fomation. Our usual .plan is to implant not more 
than a total of 3 6m. in the ordinaiy adult patient, the larger fraction 
being implanted in the abdominal wall. No sulfonamide is given pi'ior 
to operation; no additional sulfonamide is given after operation, until 
after the elapse of forty-eight hours, when a total of 1 to 2 6m. of 
sulfadiazine is given subcutaneously in divided doses for two or three 
days if an indwelling urethral catheter still remains in place. 

Intraperitoneal vaccinatio-)i; We have never employed preoperative 
intraperitoneal schemes of vaccination in this clinic. On theoretical 
grounds alone the plan does not appear to have real merit. Wly subject 
the patient to this ordeal? It would appear that the neoplasm and op- 
eration are tribulations enough for the patient. Why provoke fever 
and make the patient ill unnecessarily just prior to the trials of op- 
eration? 

Division of Cases . — The location of the lesions appears in the tables. 
The majority of the operations were undertaken for carcinoma (see 
Table I). In the cecal group of resections, there were four instances 


Table I 


Nature op Lesions 



NUMBER OF 

hospital 

MORTALITY 


CASES 

DEATHS 

(PEP. CENT) 

Carcinoma 

46 

1 

2.1 

Regional ileitis and colitis 

4 

0 


Ulcerative colitis 

2 

0 


Diverticulitis 

4» 

0 


Hirschsprung’s disease 

3 

0 


Tuberculosis 

1 

0 


Multiple intestinal fistulas 

1 

0 


Total 

63 

1 

1.6 

•One patient also had regional 

iloitis (see text). 




of regional ileitis or ileoeecitis, nece.ssitating removal of the terminal 
segments of the ileum and the right half of the colon. Among the 18 
patients with lesions in the pelvic colon, one had tuberculosis, and 4 had 
diverticulitis. One of these also had a regional enteritis involving the 
terminal ileum and eecum, necessitating a simultaneous ileocolic resec- 
tion and a resection of the pelvic colon. The patient was dismissed from 
tlic hospital ten days later with the wound healed. The patient with 
tuberculosis of the pelvic colon also had two simultaneous colon resec- 
tions, one in the right half of the colon and the other in the pehnc colon 
As indicated in the footnote to Table II, of the 7 patients for whom a 
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anastomosis is made, the surgeon sliould set 
himseli the task of employing only 5 to 7.5 mm. of the adjacent ^yalls 
or the tubular viscera to be approximated. 

Ihe epiploic appendages: Despite the apparent importance of the 
epiploic appendages in the blood supply of the colon, in the interests 
of placing eaeli and every stitch in the bowel wall, I have sacrificed these 
appendages as indicated in Fig. 3. Grasping a fatty epiploic appendage, 
overlying the bowel wall in a suture, is not an acceptable substitute for 
caieful placement of the stitches into the submucous coat of the bowel. 



Fig. 3. — Mode of preparing the colon at operation for an obliauc end-to-end 
anastomosis. A, The dotted line indicates the proposed site for application of the 
clamp. 

B, The fatty tags are underiun >vith a dissector. Each fatty tag Is divided and tied 
as indicated, to obviate hematoma formation. The bowel wall is to be cleared for a 
distance of % cm, beyond the proposed site of section. This maneuver permits the 
surgeon to place each suture directly in the bowel wall. (From 'Wangensleen ; In- 
testinal Obstructions, courtesy of Charles C Thomas, Publisher.) 


Antecedent or coniplenicntal colostoing vnneccssart/: If each and 
every stitch grasps the submucous coat of the bowel, the sutures are oth- 
erwise well placed, and the blood supply of the anastomosed segments is 
preserved, there does not appear to be any necessity for a preliminary 
colostomy or little if any justification for the so-called “defunetioning 
colostomy” of Devine (1938). A well-made anastomosis will not leak. 
Only in the presence of obstruction is an antecedent decompressive vent 
necessary. For aenfo oFstruefions of tlie rmlvic colon with great dis- 
tention it has long been the practice of this clinic to e.slablish a trans- 
verse colostomy, a procedure which ran be accomplished wilh lilflc 

^'""hltianiation of sulfcdhiazole: On completion of the ana.sfomosls a 
small amount of snlfathiazolc Is implanted about the anastomosi.s. In- 
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In one of these patients. Mr, P. 6 , aged 49 yeais (Univ Hosp No. 
i09574), it became neeessaiy also to lemove i .strip of the inferior lena 
•aia in addition to tlie kidney and ureter and finalli, to my gieat eni- 
larrassnient, to remoie a section of the leliopeiitoneal duodenum In 
he appraisal of the operabilitj ot the lesion, it nas believed that a re^ 
section ot the antenor face ot the duodenum noiild suffice The pres- 
mce of an unrecognized diiodeiioeohc fistula made it mandatory to sac- 
fifice a fairly long segment of the duodenam ligating the pancreatic 
duets I vas not certain whether the ampiillain termination of the com- 
mon bile duct vas lemoved nitli the duodenum, consequently, I estab- 



C. Tlu coniplttp,! oblique - >ntc>-ruptca HuXtert mattress suture 

ot Iulvlc colon ( losuie of ’ “et«een side ot cecum and end 

I iM ifu r ‘-ubtotal eolectonu uith surprising 

i.riliiiibst Tliomns rubllsher j Obstructions, courtesj 
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one-stage subtotal colectomy was done, 6 had noncaneerous lesions. Of 
the 60 patients for whom colonic resection was done, 15 had lesions other 
than malignancy. There were no deaths in tliis group. 

Table II 


Location op Lesions 


NmiBER OF 

CASES HOSPITAIr DEATHS 

Oecum 

14 

0 

Ascending colon 

4 

Hepatic flexure 

3 


Descending colon 

5 

0 

Pelvic colon (exclusive of rectosignaoid) 

18 

0 

Multiple lesions necessitating subtotal 
colectomy (1 stage) anastomosing 
terminal ileum or cecum to terminal 
pelvic colon* 

7* 

0 

Heotosigmoid 

10 

0 

Total 

61 

1 

(1.6% mortality) 


This grroup i^ncludes one patient Trith polyposis and multiple carcinomas, one 
patient Tvitli diffuse diverticulitis and diverticulosis, two patients with ulcerative 
colitis, three patients with Hirschsprung^’s disease. In three of the seven, an end-to- 
side anastomosis was made as shown in Pig. 4 ; in Uie other four, the terminal 
ileum was anastomosed to the colon pelvinum end-to-end. 

Mortality and Rcsectahility . — The total liospital mortality for resec- 
tions of the colon and rectosigmoid diii’ing this two-year period was 1.6 
per cent. Of the 61 operations, a closed primary anastomosis was done 
in 57 patients (Table III). In 60 of the 61 patients, excision of tiic 
lesion was effected by one method or another. 

Among the 61 patients, 46 had malignant lesions in the colon; 45 were 
carcinoma. There was one lymphosarcoma of tlie cecum. Of the 46 
patients with colonic malignancy, 42 had a primary closed resection. 
Bntero-anastomosis alone was done in 1 patient, a two-stage resection 
in 1, an open anastomosis in 1, and a three-stage exteriorization was 
done once (Table III). A primary resection of some type was clone in 
43 of the 46 patients witli malignancy (93.4 ])er cent). In all but 1 of 
the 46 patients, however, removal of the growth actually was accom- 
plished (97.8 per cent). This is probably a iiiglior resection rate tlian 
can be justified by more experience. Five of tiiesc patients had hepatic 
metastases; in 2 of them tlie hepatic metastases were extensive, but 
the lesions in the colon were stenotic enough to necessitate either resec- 
tion or its only alternative, colostom}^ Simultaneous cholecystectomy 
or appendectomy has been done several times as an incident to primary 
colonic resection. Coincidental total hysterectomy was peifonned once 
because of intimate adherence to a rectosigmoidal lesion. Eemoval of a 
•tion of parietal peritoneum overlying an adherent lesion is not an 
y,nnsual circumstance and must be done if entry info a perforated lesion 
\ voided. Partial excision of the urinaiy bladder was iindcr- 
is to be a kidney was removed twice for adherent, per- 

SedTesions of the ascending colon and hepatic flexure. 
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one postoperative hospital day vras 4 dismissals on the tenth, fifteenth, 
and seventeenth postoperative days. Three patients v'ere dismissed on 
each of the follonfing postoperative days; the thirteenth, fourteenth, fif- 
teenth, and eighteenth. The other dismissals were dispersed over a wide 
interval. The longest postoperative stay was 35 days, occasioned by a 
postoperative adhesive obstraction which remained refractory to suction 



Pig 5— Location of lesions with reference to t>pe of resection. A, Cecum Right 
hemicolectomj with removal of terminal segments of ileum» and Ijmphatic drainage 
area, re-establishing continuitj bj oblique end-to-end anastomosis between ileum and 
trans%erse colon No more ileum should be removed than necessarj* lest persistent 
diarrhea foe protoRed by simultaneous sacrifice of right colon and tvater-absorbing 
segments of the ileum 

R, Ascending colon Same operation as for A, 

C, Hepatic flexure Same operation as for A. If mesenteric I>'mph node m\oIve- 
ment is not great, and right colic arterv and \ein can foe pTeser\ed to the cecum, and 
end-to-end anastomosis can be effected between ascending and transverse colon: in 
the main, the operation described under A is preferable. 

D, Transverse colon For a small lesion the avascular suspension ligaments of 
the hepatic and splenic flexures may be divided, permitting end-to-end union between 
the proximal and distal ends of the transverse colon. For large lesions m which the 
tension factor persists aftei mobilization, the ascending colon may be anastomosed 
to the distal end of the transverse colon, or the tM>e of operation shown in Fur 4 
inaj be emplojed 

E, Splenic^ flexure. TJauallj ond-to-end anastomosis between the pelvic and thA 
transverse colon constitutes the best choice of procedure 

F, Descending colon For small lesions, local segmental resection more freouentlv 

the tv pc of operation described under E becomes necessarj”’^ ^ ^ 

G, Pelvic colon. Local segmental resection The flexure of the colon makes thi«? 

procedure almost uniformK feasible maaes tms 

colTO Md'rSn.'’ sle Pis ‘‘o' anastomosis between peUic 


JT, Ampulla of rectum For lesions less than 10 and more than 
pccunale lino, ampuUar> resection may be done in suitable cases 


5 cm., from the 
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lished external tube drainage of the gall bladder. Later, when the 
duodenal specimen urns studied earefullj* by the pathologist, it was ob- 
served that the ampulla of tlie common bile duct was on the specimen. 
This patient died from massive hemorrhage from an actively bleeding 
arter^^ in the wall of the antnim of the stomach sixteen days after op- 
eration. In other words, a Mann-Williamson operation had been done 
on the patient. At autopsy, both intestinal anastomoses were intact. 
Transplantation of the bile duet into the stomach or duodenum might 
have averted this disaster. In his monograph on The Surgery of Pan- 
creatic Tumors, Brunscliwig (1942) gives no indication that this com- 
plication has been observed in the Whipple operation for carcinoma of 
the ampulla or carcinoma of the head of the pancreas. It would appear, 
therefore, that return of bile to the intestinal canal is mandatory when 
the pancreatic ducts are to be ligated. 

Table ni 


Types of Opekative Pkocedures 
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principles of good cancer surgery with, restitution of intestinal con- 
tinuity, To Dixon, in particular, great credit is due for indicating 
that this pi'ocedure can he accomplished with a reasonable risk. Dixon 
performed the operation usually in three stages, performing fii'st eolos- 
tom}’-, then excising the lesion, establishing continuity by an open an- 
astomosis. The final procedure was closure of the colostomy. Arnold 
(1939) and Arnold and Shea (1940) have employed an abdomino- 
sacral three-stage procedure for carcinoma at tlie rectosigmoid, an opera- 
tion not unlike the sacral exteriorization of Kiittner (1910). 

My interest in trying to restore continuity by primary resection for 
lesions in the terminal pelvic colon and at the rectosigmoidal .juncture 
was provoked by a patient for whom a colostomy liad been established 
elsewhere for an ulcerative lesion in the pelvic colon. This patient was 
determined to have intestinal continuity restored. He liad twice pre- 
viously been subjected to exploi-ation, at his own persistent insistence, in 
vain attempts to accomplish restoration of continuity. No vestige of a 
colon had been found in the peritoneal cavity beneath the level of an 
inguinal colostomy when Dr. Charles E. Rea of this clinic performed 
the last exploration. Proctoscopic examination disclosed a rectum patu- 
lous to the proctoscope to 12 cm. It was m.v intention to dissect be- 
neath the pelvic peritoneum for the blind rectal pouch, to remove the 
colostomy, and to establish continuity by end-to-end suture between 
the rectum and the pelvic colon. The colon was so full of impacted fecal 
material, from cecum to the colostom.v outlet, th.at an anastomosis with 
the colon did not appear feasible. The contracted colostomy outlet ap- 
parently precluded ready evacuation of the colonic content despite pre- 
operative administration of enemas. Recourse was had, therefore, to the 
expedient described by Stone (1927), in which a loop of ileum was inter- 
posed, an end-to-end anastomosis being effected between the rectal 
ampulla resurrected from the sacral concavity and the ileum. Because 
of the extraordinary fecal impaction of the entire colon, the proximal 
end of the ileum was led out to the exterior. During convalescence, the 
colostomy opening was enlarged and vigorous catharsis readily remedied 
the disquieting colonic impaction noted at operation. At a subsequent 
procedure, end-to-end union was effected between tlie transverse colon 
and the ileum, the colostomy and the intervening colon being excised 

As an aside, it may be iutere.sting to record the character of the fluid 
drained out through the temporary ileal fistula. This was the first time 
in this clinic that an ana.stomosis had been made at so low a level. At 
that time (June 9, 1941), the operation seemed technically very diffi- 
cult. Apparently a few sutures engaged the opposite bowel wall, caus- 
ing a temporary obstruction, an oceurrence whicli permitted us to col- 
lect daily from the 20 cm. ileal segment, through a catheter in its prox- 
imal end, an opalescent, while, somewliat milky fluid. The fluid looked 
not unlike a rich admixture of mucus with fluid from an.vwliere in the 
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mid the use of the Millev-Abbott tube, secondary operation being ueccs- 
sarj' for tlie relief of the obstruction. In the main, the chief causes for 
lengthening of the postoperative hospital stay beyond the conventional 
11 or 12 days were the infirmities of age and the debilitated status of 
a poorly nourished patient. The one patient for ivlioni the e.\terio‘riza- 
tion operation ivas done had a total postoperative hospital stay of 33 
days 13 dai’s following the initial exteriorization and excision, 10 days 
after cutting the spur, and again 10 days folJoiving closure of the colos- 
tomy. The one-stage closed aseptic anastomosis is tlie operative pro- 
cedure of choice from the standpoint of the patient’s economy of time 
and hospital expense. A convalescence ivithout complication assures 
prompt ivound healing, minimal mortality, and early recovery. 

The Occurrence of Diarrhea After Bight IT cmicolcctomy. —Transient 
diari'lica after excision of the right colon together ivith 2 or 3 feet of 
the terminal ileum has not been an unusual cireumstanee. Perhaps this 
is as it should be, for ivater absorption is largely a function of the ileum; 
in addition, a further drying process of the intestinal content takes place 
normally in the right half of the colon. 'Whenever sacrifice of this seg- 
ment of the colon is accompanied b.v loss of 2 or 3 feet of tire terminal 
ileum, as becomes necessary to remove adequately the lymphatic drain- 
age area for a cecal carcinoma, temporaiy diarrhea irray follorv. I have 
never observed diarrhea following .saeilfiec of a good portion of the loft 
colon; nor have I seen it in the eases of subtotal colectomy in nhieh the 
cecum is anastomosed to the colon pelviniim oi' rectum. As a matter of 
fact, there are 2 patients in the present group for whom right honii- 
colectomy with sacrifice of a short segment of the ileum was doiro more 
than a 3'ear ago, who continue to have, without other apparent cause, 
four to five stools a daj" — a diaiThea which has I’cmained refractory to 
all the usual measures of dealing with such situations. 


II. PRIJIARY CLOSED RESECTION' FOR LESION'S .\T THE RECTOSIG.MOID.IL 

JUNCTURE . 

As eaily as 1910, Balfour had reported e.xcising lesions in the pelvic 
colon as a one-stage procedure, establishing intestinal continniiy over 
a rubber tube. In 1920, Balfour made a second report ujion the iitilit.v 
of this procedure. In 1908, Lockhart-iMummeiy described excision of a 
lesion in the pelvic colon through a perineal incision, making the anas- 
tomosis over a glass tube. In tlic main, however, it apjicai's that most 
ns have settled upon a one-.slage abdominojierincnl operation as 
. ” operative procedure whielf mcct.s satisfactorily the problem 
In- lesions of the lower pelvic colon or upper rectum. Tiioro 
printed ro^lcy (mT). tyho,, (IS3S. 

haie nee . figm) have cacli reaffirmed tlicir belief in the thesis 
1940), and Dm I j„,noid eim be c.xci.sed in accordance with tlic 

that lesions m ttie ul.u 
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Arbitrary Surgical Definition of the Lorvcr Proctoscopic Limits of 
Lesions of the RcciosigmouL-The rectum begins Mhere the colon ceases 
to ha“ alnesentery. P™r 1o the BNA toel.sefflea.io.. of the constttto 
ent parts of the pehne colon and rectum, the colon pelvmum u-as counted 



pi« g The type of anastomosis is essentially mat shovm in Pig. 1- Hotvever, 

beeSfse of the deptl? at vfh.ch the must be made scheme 

illustrated here facilitates the procedure. In Uje ordinarj ana^omosis a 13 to 10 inch 
tn 40 c*m > silk suture is employed- Here a .-.0 men toy cm.} suture is useu. 

& sutures are placed and the segments to he approximated the rectiun and pelvic 
colon are anoled to remain at some distance from one anoUier until the last suture 
fs &ed Then the aSoinosis is completed as is ind pted in B. C, and D of Fig. 1. 

The width of the usual mesenteric attachment of the colon pelvinum and rectum 
is ihlwn in A f3 to 0 o’clock) ■ the usual nature of the mesenteric attachment is 
shown''ln B f5 to 7 o’clock) The broader mesentery of the rectum makes it feasible 
to place the^ cla^p on the lower segment, in rectosigmoidal anastomoses, directly 
transverse to tiie fong axis of the bowel— an enormous advantage in a low difflcult 
anastomosis. The only consideration which prompts an obUejue placement of Uie clamp 
on the rectal segment is the matter of g.ainmg added width for a broader lumen. 


as a poTtion of the reetuin (Fig. 7). In designatiug lesions of the recto- 
sigmoid, I have employed rather arbitrary distinctions, iiieluding only 
those lesions whose lower extent, as observed through the proctoscope, is 
not less than 10 nor more than 13 cm. from the pectinate line. The rec- 
tum is not straight as its name would imply ; it has a deep anteroposterior 
curve and lesser lateral curves. Lesions, whose lower proctoscopic limit 
is more than 13 cm. from the anal opening, in the main, can he resected 
easily without mobilizing the rectum. Even for lesions within the ar- 
hilrary limits dcserihed, there is some variation, in the ease or difficulty 
with wliieh the operation is done, depending on the depth of the 
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intestinal canal. The surprising thing, however, was the odor of this 
nmocent-looking fluid. Quite uniformly a startled look lighted the faces 
of all who sampled the aroma of the bottle. It was a pungent, un- 
pleasant odor, which pex-meated tlie patient’s room. Presumably, this is 
t le normal ileal secretion. No such odor was perceptible on the patient’s 
breath at this time, initiallj^ on admission to hospital, or after complete 
restoration of intestinal continuity. 

This patient, Mr. R. P., aged 46 3mai's (Univ. Hosp. No. 667947), has 
been veiy pleased with the re-establishment of intestinal continuitj’’, and 
the operation of the new channel apparenth’" has duplicated normal 
colonic behavior in eveiy waj*^. 

This procedure suggested the feasibilitj’- of e.vcising carcinomatous 
lesions at the reetosigmoidal juncture, with primaiy re-establishment 
of intestinal continuity. During the period covered bj' this stud}', pri- 
maiy resection has been done for reetosigmoidal lesion in a group of ten 
cases (Table II). The same technique of establishing intestinal eon- 
tinuitj’’ is emiilojmd as has been found practical in aseptic or closed re- 
sections of the stomach and the small intestine or colon. The clamps em- 
ployed are the same. The onl.v dift’erence in the technique is depicted 
in Pig. 6. The broad attachment of the mesenteiy to the rectum ob- 
\uates the iiecessiti" of maldng an oblique section of the rectum, as is 
mandatorj' in primaiy anastomoses in the colon. In consequence, a 
transverse section on the lower rectal segment can be made with salvage 
of rectal wall for the anastomosis, an item which malms the operation 
easier. Apparentlj', the middle and lower hemorrhoidal arteries are 
quite adequate to support a nomal blood flow to the residual rectum, 
for ill each such operation, obviousI.v, it becomes necessaiy to sacrifice 
the superior hemorihoidal artery. 

Antecedent colostomy, save in the presence of acute obstruction, ap- 
pears to be unnecessary; similarly, a complemenlal external decom- 
pressive vent appears unnecessaiy. As in the colonic anastomoses, each 
and eveiy suture is placed in the gut wall, gi’eat care being observed 
to secure satisfactoiy approximation with an infurn, not exceeding- 7.5 
mm. Moreover, it is surprisingly easy to exirapeviionoalixe the entire 


anastomosis.* It is also a simple procedure to push a rectal tube be- 
yond the anastomosis after completion of the suture. I employ a No. 22 
tube and have an assistant push it up from below, threading the lui)e 
about 10 cm. above the anastomosis. Every tiiird day the tube is u-ith- 
drawn 2 to 3 cm. to preclude tension effects of tlie tip of the tube upon 
the pelvic colon. No intestinal fistulas occurred in the group. Four of 
+1 P ten patients in the series were dismissed from tlie liospital irith a 
,1 a , p,ind in eleven davs and two on the twelfth postoperative day. 
S'S «n"atd -fo.n- d.,,-.,, M,= W. ,.,a on 

a” sLateenth postoperative dov, vvitl. healed 


?,tr|ati°nndded%rotccOon. 
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place to sound a note of warning over enthusiasm for priniai-j- resection 
with restoration of intestinal continuity in a patient presenting a car- 
cinoma on the basis of a polyp, exhibiting at the same time polyps in 
the rectum which appear benign on proctoscopic examination. Eecently 
in this clinic, a patient from the present series, Mr. W. D., aged 60 years 
(Univ. Hosp. No. 619643), Avas submitted to abdominoperineal excision 
approximately 16 months after segmental resection had been done in the 
pelvic colon. It Avas believed that the points in the rectum could be 
kept in check by fulguration. Despite repeated fnlguration carcinoma 
deAnloped. In another patient, Mrs. M. L., aged 49 years (UniA^ Hosp. 
No. 648542), two lesions Avere obserA-ed proctoseopically, one A\'as a car- 
cinoma at 12 cm. from the anal opening, the other AA-as described as a 
lienign polyp at a distance of 10 cm. from the anus. Microscopic study 
of the resected segment shoAA'ed that the polyp Aims malignant, even 
though there Avas yet no demonstrable invasion of the circular muscle. 
To trust to fulguration for control of rectal polyps, AiOien a similar poljTi 
at the reetosigmoidal juncture or in the pelvic colon already has be- 
come malignant, does not appear to be a Avise course. 

Preservation of normal sexual function: That impotence is a frequent 
aceompaiAiment of the abdominoperineal operation of removal of the 
pelAuc colon and rectum is the common experience of surgeons. Jones 
(1942) indicates that tlie incidence of impotence foUoAving the operation 
in male patients is approximately 95 per cent. In reetosigmoidal resec- 
tion, AAuth immediate restoration of intestinal continuity, this unfor- 
tunate side effect of the abdominoperineal operation is avoided. 

ni. abdomixo-anal methods for excisiox op carcinoma of the rectah 
.AJIPULLA AVITH restoration op continuity and PRESEKA'ATION 
OF THE RECTAL .SPHINCTERS 

The Kraske and Hochenegg methods of perineal or sacral resection 
of the rectum with preservation of the rectal sphincters are aa'cII knoAA-n. 
Kraske (1885) described excision of a segment of the sacrum AA-ith 
reseetion of the rectum only, restoring continuity by circular suture. 
Hochenegg (1888) described tAvo methods, ImoAAii respeetreely as the 
“pull-through” and the “inAmgination” methods. The former has 
enjoyed the Avidest use in the hands of Hochenegg and his pupils as 
Avell as by others. The Kiittner (1910) plan of sacral exteriorization 
already has been alluded to in the section on primary resection for recto- 
sigmoidal lesions. 

A rather general and increasing enthusiasm for the abdominoperineal 
method of operation for carcinoma of the rectum, together Avith patho- 
logic studies, Avhieh suggests dehnitely a centripetal spread of lymphog- 
enous metastases from rectal cancer, sometimes at a rather great dis- 
tance from the local lesion— those factoi-s have led to a generarabandon- 
ment of the perineal or sacral methods of excision of cancer of the rcc- 
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peutoneal cul-de-sac, and the adiposity of the patient. In lean pa- 
tients with a deep peritoneal cul-de-sac and a larpe pelvis, resection fo- 
lesions at the rectosigmoid juncture may be easv and neee.ssitatc little 
mobilization of the rectum as contrasted with the adipose patient, es- 
pecially if the ]ieritoneal cul-de-sac is not deep. Interestingly enough, 
when patients who have had resections at this level are submitted to proc- 
toscopy after operation, the sirture line often is described as being at 
about the same distance from the anal opening as was the lower extent of 
the lesion initially, despite the excision of 2 to 3 cm., of normal appear- 
ing bowel below the lesion. Obviously, this seeming paradox can be 
explained only by the surgeon’s mohilization of the rectum at opera- 
tion." 


Colon pdvinum 

Rectosiqmoid juncture 
Rectal ampulla -- 
Levator ani 



7. — The rectum and colon pelvinum. The latter, once recognized as n part of 
the rectum, now is accepted generally as constituting a part of the pelvic colon. 
(Redrawn from Coming's Anatomy.) 

It is unlikely that the resection I’ale will be as high for recfosiginoidal 
lesions as in the colon proper. I have not hesitated to perforin partial 
colectomy in both the right and left colon in the prc.scnce of ralJicr ex- 
tensive hepatic metastases. In a similar cireiini.stanee, the le.sion being 
at the rectosigmoidal juncture, the sui-gcon readily eonkl justify to him- 
self performance of the easier alternative operation of cohstomy. 

Concomitant Presence of Rectal Polyps With Lesion in Pelvic Colon 
or Rectosigmoid Contraindicates Rcsection.-lt is perhaps not out of 


T.. WillKm C. nern^stcin. of the DIvl.oInn of PtocIoIoCT', klnOly 

• Mv colleague Dr. U "11,111 j , within the r.aiigc of the prorlo.cop- before 
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employineut of the Ilochenegg "pnll-tlu-ough” method; recovery of com- 
plete continence n*as observed in 36 per cent. Employing the Kraske 
sutnre method, KdrbI states tliat primaiy liealing occurred in 39 per 
cent (total of 34 cases) and eventual complete continence occurred in 
66 per cent. Wilenskj' (1942) recently reported preservation of the 
sphincters in the abdominoperineal operation, a suggestion made several 
years ago by Kraske (1905) and practiced by Perthes (1927). Pamrett 
(1943) records emplojdng the same method. 

The Abdomino-Anal Scheme of Operation EmpUybu/ the Pun- 
Through or S^lturc Methods. — My ovm thought on the matter was to 
combine the advantages of the abdominal removal of the ljunpliatie 



?'”* Giforior hetiioirholil il aitours (JJ.ff.j niu! / UirouKli 
tu-morrIioW.il aitet\ (.S'.u..i.) Is to bo lifrated tIiovo ..i, rh superior 

(SutlocK’s critical point). ,V lUch hcation and desIgnateU -X" 

nrtc|.% penuStM mobmratlon of tlio cSlo^^^and blood hemorrhoidal 

Of U... pciUc colon through «tt%X TuC^iTaXd 
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turn, save on special indication. Even tliongh the one-siage abdomiao- 
permeal operation appear to be a more fomidabic operation than 
colostomy followed by posterior excision, in practiced bands, tbe hazards 
of these procedures in standard-risk patients should be approximately 
he same. The gain in more complete excision of the lymph drainage 
area in tbe abdominoperineal operation definitely suggests it to be the 
better procedure. 



FIS'. 8. — Arbitrarj' surg-jcal definition of ttie region involved in rcctosigmoidnl 
resection. Ordinarily lesions seen throu-'i ■■!, •! • .o- rt more than 13 cm. above 

the pectinate line can be resected with f - :• ■ • i: i: lesions shown within the 

limits designated here. Lesions at less •• ; : i amis may be dealt with 

by methods described under ampullar}' resection. 


Liviitations of Resection Methods . — In addition to tiie shortcomings 
of the perineal or sacral methods of amiiutation of the rectum just de- 
scribed, when the rectum is resected by either of these routes with 
preservation of the sphincters, tbe incidence of fistula formation is high, 
no matter whether the methods of Hochenegg or ivraske arc emploj'ed 
(see Fig. 11). A perusal of the papers of KbTbl (1913) and Gold- 
sclmiied (1914) and other pertinent literature suggests tlial the in- 


cidence of primarj'" wound healing is not high by any of these methods. 
Kotter (1912) has debased a pediclcd skin-flap procedure to deal with 


the item of fistula formation, following the Ivraske circular suture 
method of rectal resection. Furthermore, even with preservation of 
the sphincters, the recoveiy of complete continence bj' either method has 
not been too promising. Mandl (1940), a pupil of Hochenegg and an 
ardent advocate of the pull-through method of nocheiwgg, stiitc.s that 
atisfactorj^ ultimate continence is obtained in 50 per cent of instances 
1 tUo irraske circular suture method, and in GO to C5 per cent b.v the 
‘ .v,,,:! Trorbl (1913) of the Eisclsberg Clinic stated Hint 

“(SrHeStotS in -no PC n™, .1 0. 
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Zealand, described a method Amiy similar to that employed by me. 
jilannsell intended his operation for lesions of the rectal ampulla and 
loM-er pelvic colon. Through an abdominal incision, he divided the 
rectum below the lesion and pulled the upper segment mtli tumor at- 
tached through the lower rectal segment after excision of the lesion; 
anastomosis was eft’eeted between the segments. lie remarked that “a 
tailor always pulls a sleeve inside out to sew it.” In 1901, Weir de- 
scribed an almost identical procedure, with this difference, that the 
rectal segment containing the neoplasm was removed through the ab- 
dominal incision before the pelvic colon was pulled througli the lower 
rectal segment. As in JlaunseU’s method, the anastomosis was described 
as being effected in the “cold outside.” Weir reported 3 eases in which 
this type of operation was performed for carcinoma located in each in- 
stance at 4, 31 / 2 , and 2% inches from the anus. Bergeret and Livoiy 
(1940) describe an abdomino-anal procedure for lesions of the recto- 
sigmoid, employing the principle of the Hoehenegg invagination scheme 
on the lower rectal segment. 

The Experience of This Clinic With the Ahcloniino-Aval Method . — 
During the past year, seven abdomino-anal operations for carcinoma of 
the rectal ampulla have been done in this clinic.® There have been es- 
sentially two plans of operation. In both, the patient is placed on the 
operating table as shown in Fig. S. Whereas, this position handicaps 
the surgeon a little in the abdominal dissection, it possesses this advan- 
tage, that the patient’s position need not be changed for the final stages 
of the operation, lly first plan was to dilate the rectal sphincter and 
to dissect up the normal rectal mucosa, just above the pectinate line, 
much in the manner of the Whitehead operation for hemorrhoids. This 
short mobilized tube of mucosa is then closed by suture and a gauze pack 
impregnated with 2 Gm. of sulfanilamide is left in the supra -anal mus- 
cular cylinder. Following a change of gomi and gloves, excision of the 
carcinoma of the rectum is completed by the usual abdominal method. 
The preliminary Whitehead maneuver from below facilitates the ab- 
dominal dissection. Whereas, in indmary resection for carcinoma of the 
rectosigmoid, Sudeck’.s (1907) critical point apparently has no great 
significance for the surgeon (Fig. 8) in this procedure, on the contrary, 
in which the pchde colon is to be pulled domi to or through the anal 
canal, the maintenance of viability to the very tip of the pelvic colon 
becomes a problem of real concern to the surgeon. Four patients have 
been operated upon by the abdomino-anal pull-through method. One of 
these, ilr. X. F., aged 45 yeai-s (I'niv. Hosp. Xo. 723502), a large muscu- 
lar man. died of pyelonephritis and oliguria 12 days after operation. 
TTejhiy following operation, the patient’s external sphincter was di- 
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diainage area, and eliminate tlie troublesome problem of perineal fistula 
by either (1) pulling the pelvic colon through the anal opening or (2) 

by suturing the pelvic colon to the rectal wall, at the lower level of le- 
section. 

A recent search of the literature discloses that these inetlinfis tnn Imvp 



Fig. 10. — Position of the patient on the opciating table; this position penults pei- 
formance of the abclomino-anal opeiation of rectal resection for nmpiillao' lesions 
without change of position. The elevated position of the knees handicaps the surgeon 
a little. It IS possible that employment of sterile "pants” and adjustable stlniip'. 
with reference to height of elevation may facilitate the abdominal dissection. 
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Zealand, described a method very similar to that employed by me. 
Maunsell intended his operation for lesions of the rectal ampulla and 
lower pelvic colon. Through an abdominal incision, he divided the 
rectum below the lesion and pulled the upper segment with tumor at- 
tached through the lower rectal segment after excision of the lesion; 
anastomosis was effected between tlie segments. He remarked that “a 
tailor always pulls a sleeve inside out to sew it.” In 1901, Weir de- 
scribed an almost identical procedure, with this difference, that the 
rectal segment containing the neoplasm was removed through the ab- 
dominal incision before the pelvic colon was pulled through the lower 
rectal segment. As in Maunsell ’s method, the anastomosis was described 
as being effected in the “cold outside.” Weir reported 3 eases in which 
this type of operation was performed for carcinoma located in each in- 
stance at 4, 31 / 2 , aud 2^, inches from the anus. Bergeret and Livory 
(1940) describe an abdomino-anal procedure for lesions of the recto- 
sigmoid, employing the principle of the Hoehenegg invagination scheme 
on the lower rectal segment. 

The Experience of This Clinic With the Ahdomino-Anctl Method . — 
Diu’ing the past year, seven abdoniiuo-anal operations for carcinoma of 
the rectal ampulla have been done in this clinic.'^ There have been es- 
sentially two plans of operation. In both, the patient is placed on the 
operating table as shown in Fig. S. Whereas, this position handicaps 
the surgeon a little in the abdominal dissection, it possesses this advan- 
tage, that the patient's position need not be changed for the final stages 
of the operation. My first plan was to dilate the rectal sphincter and 
to dissect up the normal rectal muco.sa, Just above the pectinate line, 
much in the manner of the MHiitehcad operation for hemorrhoids. This 
short mobilized tube of muco.sa is then closed by suture and a gauze pack 
impregnated with 2 6m. of sulfanilamide is left in the supra-anal mus- 
cular cylinder. Following a change of gown and gloves, e.xcisiou of the 
carcinoma of the rectum is completed by the usual abdominal method. 
The preliminary Whitehead maneuver from below facilitates the ab- 
dominal dissection. Whereas, in iirimaiy resection for carcinoma of the 
rectosigmoid. Sudeck’s (1907) critical point apparently has no great 
significance for the surgeon (Fig. S) in this proeedure, on the contrary, 
in which the pelvic colon is to be pulled domi to or through the anal 
canal, the maintenance of viability to the very tip of the pelvic colon 
becomes a problem of veal concern to the surgeon. Pour patients have 
been operated upon by the abdomino-anal pull-through method. One of 
these, :Mr. N. P., aged 45 years (Univ. Hosp. Xo. 723502), a large muscu- 
lar man, died of pyelonephritis and oliguria 12 days after oneration 
Th^ay following operation, the patient’s external sphincter was di- 
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vided posteriorly because of gangrene of tlie segment protruding tlirmmli 
the external sphincter. 

The remaining three patients having the abdomino-anal procedure 
were operated upon in the following manner ; in one, the preliminary 
Whitehead dissection was carried out, but following the abdominal 
dissection, excision of the neoplasm and mobilization of the pelvic colon, 
the operation was completed by suturing the pelvic colon to the remnants 
of the rectal wall just above the pectinate line. In the other two, tlie 
preliminary Whitehead maneuver was omitted, the removal of the car- 
cinoma being effected from within the abdomen. In one of these, the 
operation was completed bj' the abdomino-anal pull-through maneuver; 
in the other, my associate, Clarence Dennis, sutured the pelvic colon 
to the lower level of rectal resection througli a large Fansler fu'oeto- 
seope, while I completed the operation from -within the abdomen. 

I did a one-stage proetectomj’^ and colectomy, pulling the ileum 
through the anal canal, for a patient of 16 years, Mr. C. E. (Univ. Hosp. 
No. 684951), Avitli chroziie ulceratiA-e colitis involving the rectum. It 
Avas necessary to elongate the ileocolic arteiy, much in the mamier Avifh 
AA'hieh one deals Avith the inferior mesenteric artery in the abdomino- 
anal pull-through maneuver for carcinoma of the rectal ampulla. The 
pi'ocedure Avas not a complete technical success, aaid a fcAV Aveeks later the 
boy Avas I’eadmitted, at Avhieh time ileostomy Avas lACiformed. A Avell- 
functioning ileostomy or colostomy, obA'iously, is preferable to a perineal 
anus in which the sphincteric function is poor. Babcock (1932) is one 
of the feAV American surgeons aa'Iio recommends a sacral anus to hi.s 
patients in preference to a colostomy. I have had the priA’ilege of talk- 
ing Avith surgeons Avho have had personal experience Avitii an abdominal 
colostomy and count it lAo great handicap in the ordinary actiA'itics of 
life. 

Dissatisfaction With These Methods. — Primary healing did not occur 
in a single instance. It may prove that a preliminary colostomy should 
be done in these procedures to diA'ort the fecal stream during (lie heal 
ing phase. NeA'ertheless, the Ailtimatc recoAmry of something approxi- 
mating normal continence in the majority of the patients operated upon 
suggests that efforts directed at prcseiwing the rectal .sphincters IiaA'c 
some merit. I have been sonicAA’liat reluctant to perforin complemenfal 
diversion of the fecal stream by colostomy, feeling that the continued 
maintenance of the normal channel for cA-acuation of the stool servos as a 
mod prophs'laxis against stricture formation. I have the impression 
that the suture method is superior to tlic pull-thrmigli maneuver; further, 
of the entire thickno.ss of the rectal Avail in the lower seg- 
-c; desirable. In other words, Avherea.s. the preliminary Whitehead 
^ . facilitates the abdominal dissection, this step in the procedure 

maneUAmr i in the intere.sl of pre.servin'r the loAver rectal seg- 

shouldbe ® Whitehead dissection, the submucosa apparently 
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is reraoi’ed ivitli the mucosa; there is also real hazard of inflicting- injury 
upon the internal sphincter muscle. 

All these factors suggest that the abdomino-anal suture method is the 
most effective way of dealing with cai'cinoma of the rectal ampulla, 
if one is to attempt preservation of the sphincters. The experience of 
this clinic with these methods has not been extensive enough to warrant 
any conclusions. These preliminary skirmishes vith the problem are 
recorded here only to suggest that these initial trials indicate that a 
satisfactory technique of dealing with certain cases of ampullary car- 
cinoma with full restoration of sphincteric function probably can be 
worked out. 

Importance of internal sphincter: Wherea,s, this experience has been 
inadequate to enable formulation of the best plan of procedure in the 
preservation of normal continence, it has demonstrated to me the great 
importance of the internal sphincter in the maintenance of perfect con- 
trol of gas and feces. One thinks ordinarilj- of the external sphincter 
as a strong muscle. It is, howevei’, a voluntary muscle and subject to 
the fatigue of ordinaiy voluntarj’ muscle. The internal sphinctei’, on 
the contrary, is a less dense sheet of muscle fibers, but being an in- 
voluntary muscle, it is not subject to the action of the will, nor does it 
e.xhibit the fatigue of voluntai-j' muscle. A patient harfng had the 
\Vliitehead dissection, probably with trauma to the intemal sphincter 
as a preliminary to one of the abdomino-anal operations described above, 
may find, when he attempts to walk from his bed to the toilet, early in 
convalescence, that his external sphincter tires, permitting the escape 
of gas or feces. This circumstance was particularly noticeable in the 
boy \rfth ulcerative colitis, in whom the ileum was pulled through the 
external sphincter following proctectomy and colectomy. 

Hospital stay: Two patients in this group left the hospital at 17 and 
18 days after operation respectively. The average hospital stay for the 
6 patients who survived operation was 26.3 days. Furthermore, whereas 
the patients with colonic and rectosigmoidal i-esections left the hospital 
with wounds healed and, usually, with complete restoration of noi-mal 
intestinal function, the patients in whom the abdomino-anal resection 
was done for ampullary carcinoma had to endure a long healing period 
of several Aveeks beyond the long hospital stay. Nevertheless it has 
been very reassuring to note the enthusiasm of these patients uuth refer- 
ence to the item of salvage of the rectal sphinctei-s and preseiwation of 
normal function. Further, it would appear that these patients also 
retain a nonnal sexual function as contrasted with patients har’ing the 
usual abdominoperineal operation for carcinoma of the rectal ampulla 

SUMMARY 

The experience of this clinic suggests that primary resection, emplov- 
nig the closed anastomosis, can be made with relative safety for ear- 
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noma and other lesions anywhere in the colon as well as for recto- 
sigmoidal carcinoma. Antecedent colostomy is necessary onlv in the 
presence of obstruction; eomplemental external decompressive vents arc 
imnecessaiy. Among 60 resections performed for lesions of tlie colon 
an lectosi^moid juncture over a two-year period, there was one death, 
a moita of 1.6 pex* cent. A high resection rate is compatible ^vitll a 
low mortality in colonic resections. A short hospital stay and healina 
period attend primary resection for lesions in the colon and rectosigmoid 
quite regularly. A convalescence witliont complication assures a low 
opeiatire mortality and permits early dismissal from the hospital. 

In addition, a preliminary report is made of rhe experience of tlii.s 
clinic Avith abdomino-ana! methods of dealing rvith carcinoma of the 
rectal ampulla, preserving the rectal siiliimters. Whereas, the hcaliim 
ireriod has been long in these patients, the ultimate return of fiinetion, 
approaching the normal, suggests that efforts directed at preservine the 
rectal sphincters are worth -rviiile. 
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VI colon as n'ell as for recto- 

sigmoidal carcinoma. Antecedent eolostomj^ is iieeessarv onlv in tiic 
piesence of obstruction; complemental external decompressive vents arc 
unnecessary. Among 60 resections performed for lesions of the colon 
and i-ectosigmoid juncture over a two-year period, there was one death, 
a moi a itj of 1.6 per cent. A liigli resection rate is compatible witli a 
low mortality m colonic resections. A short ho.spital stay and healing 
peuo attend piimar.> resection for lesions in the colon and rectosigmoid 
quite regularly. , A convalescence without complication assures a low- 
operative mortality and permits early disini.ssal from the ho.spital. 

In addition, a preliminary report is made of rJie experience of this 
clinic with abdomino-anal metJiods of dealing with carcinoma of the 
rectal ampulla, pre.serving the rectal spliincters. Whereas, tlie healing 
period has been long in these patients, the ultimate return of function, 
approaching the normal, suggests that eft'orts directed at preservius’ tlie 
rectal sphincters are worth. ivliile. 
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Editorial 


Cancer of the Colon 


A lthough great advances have been made in the treatment of dis- 
ease generallj^ there are probably fev conditions in •which more 
has been accomplished regarding an increase in the operabilitj’' and de- 
crease in the mortality and morbidit3' than in lesions of the colon. This 
marked improvement is due to manj* factors, and no one technique can 
be credited "with the results obtained todaj' as contrasted nith those 
obtained a decade ago, although one is likely to believe that the improve- 
ment in results which he has had is due to a particular form of therapj'. 
Unquestionablj’’, any one of the many factore which have been employed 
generallj’' in the past decade would have resulted in an increase in the 
operability and a decrease in the mortality, but the combination of all 
of these factors is probably responsible for the results which are ob- 
tained at the present time. 


Until relativety recently little attention was paid to a patient’s pre- 
operative nutrition. The importance of the maintenance of the protein 
balance was not appreciated until the detrimental eft’ect of hj’po- 
proteinemia on the healing of wounds was demonstrated. Also, little 
was loiown about the essential I'ole plajmd by vitamin C in the healing 
of wounds. In ulcerative lesions of the colon as elsewhere, a vitamin C 
deficiency is likely to be present and unless corrected preoperatively and 
postoperativety, iuterference with the deposition of collagen results. 
The disregard of the frequently present hj-poproteinemia and vitamin C 
deficiency in patients with colonic lesions was undoubtedly I’esponsible 
for tlie relatively high incidence of leakage of the anastomotic site with 


re.sulting peritonitis which so frequentty ended fatally follotving re- 
section and ana.stomosis of the bowel. Adequate preparation of tbe 
patient generally and the preparation of the bowel locally has done a 
great deal to decrease the moifality i-ate in bowel surgery. Whereas 
those less familiar wfith the results obtained in bowel surgery are lilrelv 
to credit the introduction of the sulfonamides with the improvement 
which hns been obtained, it is undoubtedly the consensus of those with 
considerable experience in treating the.se ease.s that, althoun-h .sulfon- 
amides have been of value in decrca.sing morbidity and mortality thev 
are re.sponsiblc for a relatively small part of the improvement of 
lesults. {. no emmi deny the beneficial efl'ect.s of sulfonamides and 
one .shoii d not decry their use. Gn the other hand, the results as 
cpoi eel bj ’IVangeustceu, who does not use sulfonamides either before 
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Coller aucl their associates, in which it was sliown that although glandu- 
lar metastases from rectosignioidal carcinomas are extensive, they are 
generally in the upward direction. This permits the use of resection 
of the low-lying sigmoidal lesion with the re-establishment of the con- 
tinuity of the bowel and the pi-esentation of the nonnal sphincteric 
apparatus. It is in this type of procedure that a proximal defune- 
tionating colostomy or a carefully performed aseptic anastomosis is 
imperative. It will be of interest to observe these cases for longer 
periods of time to see if there is anj* evidence of recurrence in the 
distal segment. The im’estigations of Coller and David sugge.st that 
these wiU not occur. 

Although defunetionating colostomies are being done less frequently 
and undoubtedly with considerable justification in the larger clinics in 
which considerable experience has been gained, undoubtedl}' in the 
hands of men doing an occasional colonic resection they are valuable 
procedures. A large adherent mass in the sigmoid which appears in- 
operable becomes movable and much .smaller following the production of 
a defunetionating colostomj' as described bj’ Devine. In such an in- 
stance, wide resection of the colonic mass together with the adjacent 
adherent parietes, with an eud-to-end anastomosis, permits a cure which 
would otherwise be impos-sible. Even though resection has been so ex- 
tensive that tension of the anastomotic line might result, one need not 
fear the results because if an insufficiency of the suture line oceiu’s, the 
re-establishment of the continuity of the bowel by ernshing the spur at 
the colostomy can be delayed until the suture has healed completely. 
This may take weeks or months, but the delay is of no importance aside 
from the fact that the patient has the inconvenience of a colostomy. 

In a consideration of surgery of the colon, one must not forget the 
valuable procedure of obstructive resection, originally suggested bj' 
Rankin. In many lesions this is undoubtedly the best proeedime avail- 
able in that it eliminates adequately the malignant process and does so 
in a safe and efficient manner Convalescence is not prolonged, and the 
end re.sults are good. 

Undoubtedly the use of the iMiller-Abbott tube has done a great deal 
to obviate the necessity of a proximal enterostomy or colostomv. Cer- 
tainly it is undesirable m a given case for tension to be applied to a 
recently anastomotic suture line, particularly if there has been am* 
histoiw of obstruction before. It is imperative, obviously, to relieve the 
obstruction in .some nay, either by pz-eliminary nse of the ilil ter- Abbott 
tube or a preliminary decompressive pi'oeedure on the bowel. With few 
exceptions, patients prefer the former procedure. On the other hand 
there are some patients who cannot tolerate prolonged use of the tube 
whieh is nccessni-y during the early postoperative period. 

—Alton Ochsner, M.D. 

Xen Orleans. La. 
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or after operation, only imjilantin« a small amount of sulfatliiazole about 
the anastomosis, it is obvious that sood results can he obtained ivithoul 
the use of the “sulfa cure-alls.” Also, it must be stressed, as repeatedly 
emphasized by Allen, that “although we believe that the proper u.se of 
sulfa drugs will prove helpful in dealing with colon surgery, we cannot 
Orel emphasize the caution that is to be looked upon only as an aid and is 
not to permit the slightest breakdown in the proven surgical priiiciple.s 
heretofore established.” Never rvill the use of sulfonamides supplant 
clean surgeiy. 

Unquestionably, the use of aseptic methods of anastomosis has done 
much to improve the results and to decrease the morbidity. With the 
decreased incidence of contamination, the iiieidenee of localized and 
generalized peritonitis becomes obviously lessened. These procedures 
alone undoubtedlj' have made possible the discontinuatiou of stage 
operations in many clinics. An aseptic anastomosis is technically more 
difficult to perform than open anastomosis and will be used more frc- 
quentl3>- b.y the more experienced surgeons than by the occasional opera- 
tors. Probably this is another reason why better results are obtained 
with this type of anastomosis than with the open anastomosis, because, 
as has been emphasized by Allen, the segi-egation of these eases in clinics 
where techniqires can be developed to handle them jiroperly from every 
angle will undoubtedly result i]i a decrea.se in mortality and morbidity. 
Therefore, credit which has been given the aseptic anastomoses for 
lowering the mortality rate is probably due in part to the other measures 
which are used in these eases and not due entirely to absence of con- 
tamination. 

The controvers}- concerning the use of one-stage and mnJfipJe-.sfage 
procedures still exists. One cannot be dogmatic in conclusions conecni- 
iug which U’pe of procedure should be used in a given ease. Unrpic.s- 
tionably, by improving the patient’s condition preoperafiveJy and by 


the use of aseptic anastomosis, it is possible to jierf'orm safely one-stage 
procedures which were not feasible hefoz-c. TJie obvious advantage ol 
the one-stage procedure is that the patient is snb.iected to a single ])ro- 
eedure, and tlie convale.seenee is givatly .shoi-tened. On tlio otJier hiincl, 
one cannot help but he convinced by the expei-ience at the IMassncInisetts 


General Hospital, where all of the jn-evionsly mentioned measures arc 
employed and whoi-e snrgery is at its best, tbat tboi-c am many eases in 
which two-stage proeedives are indicated and desirable. OI)vioiisIy. in 
a o-iveii institution, as cmizhasized by Jones, the proeerlnre to he used 
should be that which has been found most snlisfaefoiy in that parlieidar 
clinic but in the hands of tlie novice or occasional operator, niif|iiestion- 
ablv multiple-stage proeednrc.s are safer and will give iietf or residls than 

a shmle-stage procedure. . , 

tnereasim-- intei'cst in more conservative procedures m tlie treal- 
low siemoklal lesions is of importance. Tlie faet that Ibeso jn-o- 
ment or i i'c-a u based upon the iiivcstimilions of David and 

cedures are yrstmeu 
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developing gonad bj' migrating cranially along the dorsal mesenteiy 
(PoKtzer, 1928). But this method of formation has been denied bj^ 
Stieve (1927), who maintains that the germ cells are derived esclu- 
sivel 3 ' from the mesothelium.'*^ 

Primary sex cords are formed either by invagination of the meso- 
thelium (Simians, 1928) or bj- ditferentiation from the gonadal blas- 
tema (Gruenwald, 1942). 

Upon observing the gonads of j’onng embrj-os, males may be identified 
by the presence of the developing tunica albuginea. Bj- the 20-mm. stage 
(seven weeks), the primarj* sex cords begin to become separated from 
the overlying mesothelium due to the formation of a tunica albuginea. 
Separation is complete in 25-mm. embryos. Surprisingly, and rather 
frequently, secondarj’^ sex cords ma\' be ol)served between the meso- 
thelium and the tunica albuginea (Gruenwald, 1934, 1942) ; in this 
respect, the development of the testis simulates slightly that of the 
ovary. Possibly this formation of secondary sex cords is related to 
the occurrence of ovotestes in some cases of hermaphroditism. 

Seminiferous tubules develop from the solid primary sex cords and 
acquire inconspicuous lumina (pseudolumina) in 90- to 358-mm. fetuses 
(AVilson, 1926). 

The interstitial cells of the testis liave been identified in a 43-mm. 
embryo (Kitahara, 1923). Apparentlj' they develop “from the original 
gonad blastema either by way of gonadic cords or from the mesenchy- 
mal stroma of the organ” (Gruenwald, 1942). Stieve (1927) reports 
that they arise from mesenchyme. 

Kete cords, considered originally to have developed from the epi- 
thelium of mesonephric corpuscles (Winiwarter. 1910), have, more 
recently, been derived from undifferentiated cells of mesothelial origin 
(Wilson, 1926; Gruenwald, 1942). These primordia of the rete testis 
have been recognized in a 15.2-mm. embryo. By the 90-mm. stage, the 
cords exhibit small lumina. 


Developmental union of the seminiferous tubules with the vasa 
efferentia, according to AVilson, is accomplished before birth, in some 
eases as early as the fourth prenatal month. 

2. Pre%aial Positions of the Testis.— The maximum extent of the 
germinal ridge, the primordium of the testis (and ovary), is from the 
sixth thoracic (cranially, fifth week) to the second sacral semnents 
(caudally, third month) (Felix, 1912). Even by the end of the second 
month, the gonad is an elongated body which extends from the dia- 
phragm to the site of the future abdominal inguinal ring (Pig. 1). its 
crania! portion partially eovei-s the suprarenal gland and its caudal 
polo IS ‘‘tlaehed indirectly by means of the gnbernacnlnm to the ab- 
domma l n all. It lies in front of the metanephros. 
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developing gonad “by migrating cranially along the dorsal mesentery 
(Politzer, 1928). But this method of formation has been denied by 
Stieve (1927), who maintains that the germ cells are derived exclu- 
sively from the mesothelium.* 

Primary sex cords are formed either by invagination of the meso- 
thelium (Simkins, 1928) or by differentiation from the gonadal blas- 
tema (Gruenwald, 1942). 

Upon obsendng the gonads of young embiyos, males may be identified 
by the presence of the developing tunica albuginea. By the 20-mm. stage 
(seven weeks), the primary sex cords begin to become separated from 
the overlying mesothelium due to the formation of a tunica albuginea. 
Separation is complete in 25-mm. embryos. Surprisingly, and rather 
frequently, secondary sex cords may be observed between the meso- 
thelium and the tunica albuginea (Gruenwald, 1934, 1942) ; in this 
respect, the development of the testis simulates slightly that of the 
ovai’y. Possibly this formation of secondary sex cords is related to 
the occurrence of ovotestes in some cases of hermaphroditism. 

Seminiferous tubules develop from the solid primary sex cords and 
acquire inconspicuous lumina (pseudolumina) in 90- to 358-mm. fetuses 
(Wilson, 1926). 

The interstitial cells of the testis have been identified in a 43-mm. 
embryo (Kitahara, 1923). Apparently they develop “from the original 
gonad blastema either by way of gonadic cords or from the mesenchy- 
mal stroma of the organ” (Gruenwald, 1942). Stieve (1927) reports 
that they arise from mesenchyme. 

Bete cords, considered originally to have developed from the epi- 
thelium of mesonephric corpuscles (Winiwarter, 1910). have, more 
recently, been derived from undifferentiated cells of mesothelial origin 
(Wilson, 1926; Gruenwald, 1942). These primordia of the rete testis 
have been recognized in a 15.2-inm. embryo. By the 90-mm. stage, the 
cords exhibit small lumina. 


Developmental union of the seminiferous tubules with the vasa 
effcrentia, according to Wilson, is accomplished before birth, in some 
cases as earlj' as the fouifh prenatal month. 

2. Prcfiatal Positions of the Testis . — ^The maximum extent of the 
germinal ridge, the priraordiunr of the testis (and ovary), is from the 
sixth thoracic (cranially, fifth week) to the second sacral segments 
(caudally, third month) (Felix, 1912). Even by the end of the second 
month, the gonad is an elongated body which extends from the dia- 
phragm to the site of the future abdominal inguinal ring (Pig. 1), Its 
cranial portion partially eoveix the suprarenal gland and its caudal 
pole is attached indircclly by means of the gubernneulum to the ab- 
domina l wall. It lies in front of the metancpliros. 
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In the second month, a relative decrease in the length of the testis is 
observable. This is aecompanied by relative and absolute increases in 
transyeree dinmnsions. By the third month the change in proportions 
IS striking (Fig. 2). One even receiims the impression that the testis 
las clescended (see Figs. 1 and 2). But this is an apparent rather than 
a leal descent, since Felix (J912) has pointed out that the cranial 
poition of the testis undergoes developmental involution. 



Fic 1 — Dissection of a human embr>'o approximately S ueelcs of age (ciown* 
riimo 22.5 mm). Anterior abdominal >\a-' . •. • ’ j r. i »oop of intestine 

Sed. 1 , Gonad ' “ IVoMan 

enfn"d"uc Ury l^arninl 

ligament of i pleural c.avlty: S, supi.irenal 

Sland"^ 9 Stomach: 10, duodenum, 11, Mieiime %em: li, cranial limb of priman 
Stpsti’nal loop (jejunal portion} : IS, caudal limb of intestinal loop (colic portion) , 
colon: ll bladder. iB, phallus. (X9.) 

From the fourth to the .seventh month, ihe testis lies in the iliac fossa 
at or near the internal ring (Fig. 3). In fresh fetuses (Fig. 4) it is 
‘ mobile and it enters the ring in response to .slight manual pres- 
^ -e Perhaps this mobility explains the different testicular levels 
in preserved specimens of similar age (varying degrees of 
• 1 CP liuriim preservation iiiffueiicing the level) and such qiies- 
tiomWe obtrvaUons as those of Klaatseh (1890), namely ll.af during 
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8 


9 


4 


2 



Fig 2 Dissection of a human embno appiovimateU 11 Meeks of ase (croMn- 

rump 43 mm) tntcuoi ibcloniinal wall Iner, and most of the gut hate been 
remoted, while the peritoneum coteiing the remaining organs is intact I, Testis, 
e. cubcrnaculum l V olfhan duct (piimoidiiim of the cmdidtmis and ductus 
deferens) situated in tl • ephros tlie Mullenan duct is not 

tlsible ), diaphiagmatic (homolo^e of the suspensorj liga- 
ment of the o\ in ) 3 1° 1*’® bladdei. most of which has 

been rcinoted C setered stump of colon 7, mesocolon 8, supiarenal gland 9, 
kidnej (metanephros) to diaphragm II. pleiiril ca\itt (XS3) 



. * 1 rtion nf a hunnn 

rump 10, mm ) i, Tmte,. > 
iiboy umblllral irbrks on eavh 
giHlrlt id,o\() 6. iiriur 


MU'- a most four lunar months of age (cronn- 
3, peritoneum 4, urachus (bladder 
miK 1 j rectus abdominis muscle i inferior epi~ 
- -igmoid colon <y3) (.p. 
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Fiff. 4»~-A drawing- illustrating the relation of the gubcmaculum to the vaginal 
process to the testis in a fresh human fetus fi\e lunar months of age (crown- 

ninip, 16 1 mm., crown-heel, 242 mm.). All layeis of the abdominal uall were cut be- 
ginning at the umbi/icus and ending at levels near the right and left inguinal 

iigaments. The flap thus produced was pulled downwaid, thereby exposing the 

peritoneum.^ /, Right and left gubemacula; 2, shallow vaginal process; J, testes 
(right testis rotated to expose epididymis) ; 4, left epididymis (head) ; 5, right 
epididymis (tail); 6, ductus deferens; 7, internal spermatic vessels; S, ureter; 
Oj rectum; iOj bladder, //, urachus; 12, umbilical arteries; JS, inferior epigastric 
vessels; X4, peritoneum. (XI. 4) (Drawn by Hr. Herbeit Hunter from a photograph 
of the fresh specimen). 



^ c ■ni<;<;ection of a human fetus, seven lunar months of age 
Fig. 36 cm.) Dody sectioned at upper lumbar level. 3rach of anterior ab- 

26 cm., ^^^5; j i^ft testis at abdominal inguinal nng; f, 

dominal ^^^VJ,®P°abdoniinal inguinal ring (normal^' open); 4» drf^prenj. 

(head); nf fundus removed; umbilical artcrfec on its sides); Ih. 

5 bladder (P^^^„S^rn\on* S inferior vena cava; 9, kidney; iO, ureter, ^ote that 
colon; 7> testis has descended before fJio left (the reverse of the 

in this specimen me y 
usual order.) 
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tlie fourth month thex-e occurs a temporaiy recession of the testis to a 
higher level and an invagination of the inguinal cone. 

The lingering of the testis near the abdominal inguinal ring is a con- 
spicuous, impressive phenomenon. Undoubtedly, the passage of the 
testis through this ring is relatively rapid. 

Actual descent into the inguinal bursa (Figs. 5, 6, and 7) begins 
approximately at the seventh month (Bramann, 1884). The testis 
usually reaches its final position in the sci’otum during the eighth pre- 
natal month. 



^PSC'men as that in Pic. 5 . with shin of anterior abdominal wall 
P®/’'^<;tccl in order to expose tlic two ingninai bursae. I, RicS Intrumil 
^ sutured), obser\e bursa's distinct mf^ior ■ 

subcutancous insumal ring, S, dartos tunic, 4. left infrainaY^^hS-qq 
sincle incision whicli w.u, extended upward throuch no! 

mml laicrs of abdominal wail, medial flap of §ursi 
" loft sutures through bladder, lateral flap to skin of %h?p?. 

to hiorhw*^ O <‘“‘>) ■ eubernaculum . S, umbilical art^e,- i 

ff, sSld coIon"“Txio’3 iO, i ermiform^ procej?! 


3 l/ic Guhcnwculum Tc^tis (genilo-iuguinal ligament).~Diseoverv 
oitlic human gubernaciiluni liax been attributed by Eberth (1904) to 

A Itechl von Ilaik,, (,,49,, physioloir He 

™i «! ,t « ■■vn-i.n. „„<l deM-flbed .1 as comnini Tot. the 

tin iconic icslis (lo«i, Hn-ooBl, ilic nWoininal wall to Iho iagumal region. 

llniiLT" wT'T.'t''foimd’'’'>r F"’"’ '"'u'oniicnc (1743-174D). the term "v-.e 
Ih'if'^fml^n'of MinurTm D? Smief 
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deiribed^Tin "ame and 

scnoed it m pait as folloivs (see also Figs. S and 9) ; 

with^hl' Tfi connected in a very pecniiar manner 

sner nil T "'^'^‘>«'cn, at that place n-here in adult bodies the 

spennauc vessels pass out, and likendse with the scrotum. This connec 
tion IS hy means of a substance which i-uns down from the lower end of 



Pig-. 7. — Same specimen as tli.at in Figs. 5 .tnd 6 The fnteiior of tlie light in- 
guinal buisa has been exposed bv excising the aiitenoi wall of the bursa, f, Bur.iii. 
medial wall. S, bursa, latcial wall. J. testis: epidiclynns. he.id (body and tail 

lie behind the testis); S, gubeinaculuiu (yl.lS.) 

the testis to the sciotum, and which at present I shall cull the ligament, 
or gubeinaculuui testis, because it connects the testis uith the scrotum, 
and directs its couise in its descent. It is of a pyramidal form; its large 
bulbous head is upwards and fixed to the lower end of the testis and 
epididymis, and its lower and slender extremity is lost in the cellular 
membrane of the scrotum. The upper part of this ligament is within the 
abdomen, before the jisoas, reaching from the testis to the groin, or to 
where the spermatic vessels begin to jiuss through the muscles. Here the 
ligament runs down into the scrotum precicoh' in the same manner as (he 
spermatic vessels pass down in adult bodies, and is there lost. The lower 
tart of the round ligament of the ntciiis m a foetus icry much resembles 
uiis ligament of the testis; and may be jilainly traced down into the 
labium where it is imperceptibly lost. That part of the ligamentiim 
■ ’ -liich is -within the abdomen, is eoicred by the peritonaeum all 

testi^, posterior part, uliicli is contiguous to the psoas, and 
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connected with it by the reflected peritonaeum, and by the cellular mem- 
brane. It is hard to say what the structure or composition o£ this liga- 
ment may be. It is certainly vascular and fibrous, and the fibers run in 
the direction of the ligament itself. It is covered by the fibers of the 
cremaster or musculus testis which is placed immediately behind the 
peritonaeum; this is not easily ascertained in the human subject, but it 
is very evident in other animals, more especially in those whose testicles 
remain in the cavity of the abdomen after the animal is full grown. 



Fir. S. — A nhotogi npU <'f <>n. .»t John HiinU-i v «i ipina! plate.s, (See Fig. 9 ) 

hlirhf dcvcloimtui: .Vcconiino to .Moszkowicz (ISlS.i) the gubeniaeu- 
him may be detected lirst in a embryo. He describes it as a 

ridge or fold winch connects tlic Wolfliiin duct portion of the meso- 
nephros with the abdominal nail and which lies directly in front of 
the umbilical artery. He considers it to lie comjiosed of moderately 
condensed mesenebyme that i.s colored with peritoneum. Ilis observa- 
lions canseillmu to deny the existence of two components, the “in- 
gi mil iold and the “inguinal crest.” which were said bv Felix 


444 


SURGERY 


(1912) to fuse end to end. lie maintains that the cord is a single 
structure from tlie time of its first appearance. 

In older specimens, the gubernaeulum shifts to a position lateial to 
the umbilical artery and resembles a cord (Fig. 2). Since it is present 
before the abdominal muscles originate, the latter develop around it 
but in srrch a ivay that the transverse and the internal oblique layeis 



3 —John Hunters outline 

°the’’m??i^meS?s,'^ abdominal muscles Innil ‘"^i"o'u 1 anoa': 

|W|nt|uit, 04tne^eP.aimni.s and tlie^^ «.e ,i„Uonicn - 

r 1 n,qnminal rvaU are iuteriupted by the gubeinaculum, vhile the 

”* * :S™flay"r is ...t (B-™.™. 1SS4, (See F.f, 13 «.»I «; 

e,\tein .f,,icllirc: Smooth nitiselc . 'Hid conncclive Uestic eie salt 

ffic,.K.p.c rf. (F..ankl. Uoome,, I'o.senm 

Wj'jfSs no musSe and ol,aen«, p.og.oea.ie l.anetonnai.on of 
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gubernaeiilura into mucoid tissue; he says, “The usual description of 
descensus, that a central core of connective tissue and unstriped 
muscle, chorda gubernaeuli, is formed in the inguinal ligament, grow- 
ing down to the bottom of the scrotum and by conti-aetions pulling the 
testicle down, is not founded oji facts and ought to be regarded as a 
pure invention.” It should be pointed out that Porssner’s histological 
material was stained either by van Gieson’s method, one which should 
assist in identifjdng smooth muscle and connective tissue, or ndth 
hematoxjdin and eosin. Likewise, iloszkowiez (1935) notes a “loosen- 
ing” of the tissue in that portion of the gubernaculum which lies at the 
level of the abdominal muscles (pars intermuscularis). 



1 


Pig. 10 — -Diagrani illustrating the relation of the testis 
to the \aginal process preMOus to testicular descent. J, 
peritoneum, j, transverse and Inteinal oblique laver"' 
S. external oblique lajer, 6, cremasteric la>ei . 7 , pars 
naculum , S, pars vaginalis, 0, pars infravaglnalis (see t? 
Frankl. ) 


to the gubernaculum and 
testis, 2 , gubernaculum ; 

^ • ’ \raU; 

guber- 
after 


Parts: Frankl (1900) 1ms listed three parts of the gubernaculum 
which arc uscftil fm dcahii"- uilh anatomical aspects of testicular 
descent (Figs. 10, 11. and 12). Pais abdominalis extends from the 
cranial insertion of the gubernaeulmn on the epididymis to the abdomi- 
nal opcnhig of the vaginal proee.ss Pars vaginalis stops eaudally at 
the inferior end of the vaginal process. Pars infra vaginalis terminates 
inferiorly between the internal oblique and the external oblique lavers 
of the abdominal v all. 

The second and third parts mentioned above have been considered 
as a single part and enllcd either pars intermuseularis (Felix 19191 or 
tmiN intcistitialis ( lloszkowiez, 193.5). 


ihc incsorcliium and the “par.s scrotalis of the 
V ill be con.sidcred in the following paragraphs. 


chorda gubernaeuli” 
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(1912) to fuse end to end. He maintains that the cord is a single 
structure from the time of its first appearance. 

In older specimens, the gubernaeulum shifts to a position lateral to 
the umbilical arteiy and resembles a cord (Fig. 2). Since it is present 
efoie the abdominal muscles originate, the latter develop around it 
but m such a way that the transverse and the internal oblique layers 



Figr. 9. — ^John Hunter’s outJine sketch accoinpanj'ing- his plate (see FJg-. S). Aj 
“The upper part of the object, covered with a clotii” ; B, tliighs ; C, penis ; scrotum : 

“The flap of the integuments, abdominal muscles and peritonaeum, tiimcfl back 
over the right os iliflm to bring the testis into view"; F, skin and tela subcutanea; 
Gr, “The flap of the abdominal muscles and of (lie peritonaeum of the left side turned 
back over the spine of the os iliUm. The lower part of this flap is cut away, in order 
to shew tlie ligament of the testis passing doAvn through the ring into the scrotum” ; 
If. kidneys ; I, “ — projection formed by the lower vertebrae lumborum — “ ; Ji, “The 
rectum filled with meconium — ; L, inferior mesenteric arterj’,* df, superior he- 
morrhoidal arterj"; iV, bladder; O, umbilical arteries; P, ureters: Q. Internal sper- 
matic arteries ; F, testes ; S, vasa deferentia ; T, “What I liavc called the guber- 
nacula or ligaments of the testes in a fetus. On the left side this ligament is entire, 
so that it is seen going down from the lower end of the testis, through the ring of 
the muscle into the scrotum but on the right side Its upper and forepart is cut away. 
inH the continuity of tlie epididymis and the vas deferens maj' be seen ; and no more 
of ligament is exhibited than u’hat i.s situcated within the cavity of tijc abdomen, ’ 


of the abdominal AV'all are interrupted by the gubernaeulum, ndiiJe llie 
external oblique layer is not (Bramann, .1884). (See Fig.s. 13 ami 14.) 
Microscopic sfrucfvrc; Smooth muscle and conneclive tksue arc said 
he present in the giihernaeiilum (Frank], 1.900). However, Forssiier 
(1928) finds no muscle and ohseiwes progressive transformation of the 
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Extent: There is general agreement that in the fetus the guhernaeu- 
lum extends at least from the epididjinis to the external oblique layer 
of the abdominal wall, i.e., to that portion of this layer which becomes 
definitelj' the external spermatic fascia. Also, it is agreed that the 
testis is attached indirectly to the gubernaculum by means of the 
mesorchium. The latter, frequently called the ligamentum testis, is a 
structure affording direct connection between the testis and the epi- 
didymis. 

However, extension of the gubernaculum' into the scrotum, as advo- 
cated by Hunter, is questionable. In dissections of fresh and of pre- 
served fetuses, it has not been possible to identify gubernaeular tissue 
inferior to the distal end of the exteimal spei-matic fascia in which 
respect the present observations confirm those of Bramann (1884). 
Klaatseh (1890), Franld (1900), and Forssner (1928). Yet, perhaps, 
its existence should not be denied until more detailed investigations 
have been made. 


Favoring the presence of a pars serotalis of the gubernaculum are 
such investigators as Lockwood (1888), Moszkowicz (1935) and Felix 
(1912). The former maintains that distinct hands of “muscular fibers 
of the gubernaculum” are attached as follows: (1) to the pubis, (2) 
to the scrotum, (3) to the root of the penis, (4) to the perineum, and 
(5) to Scarpa’s triangle. Although his evidence fails to convince one 
of the existence of muscular bands, he believed that such bands are 
related to various ectopic positions of the testis. The second investi- 
gator describes a “pars subcutanea” of the gubernaculum. This struc- 
ture apparently represents subcutaneous connective tissue and perhaps 
.should be considered as such rather than as part of the gubernaculum. 
.since in fetuses larger than 43 mm. inadequate evidence is presented 
for the occurrence of an aperture in the external oblique layer through 
which the so-called “pars subcutanea” is continuous with the guber- 
uaculum. The third investigator diagrams a “pars serotalis” in a 
2(}.5-mm. embryo which lie considers to be the caudal segment of a 
“chorda gubernaeuli.” 

In young embryos of the Ivliunesota collection a cellular condensa- 
tion inferior to the external oblique layer can be demonstrated in 
serially sectioned .specimens. But it remains questionable whether in 
older fetuses this condensation becomes a recognizable part of the 
gubernaculum. 


Eventually, if it can be established definitely that the gubernacuhun 
tcrminatc.s superior to the external oblique layer instead of in the 
.scrotum, it may be desirable to replace Hunter’s term, “gubernaeu- 
lum,” with Waldeyer’s term (1899). “genito-inguinal ligament.” 

1 avKiiions in size: While no extensive series of mea.surements of the 
gubernaculum have come to the writer’s attention, gross inspection 
nould lead one to infer that all dimensions of the gubernaeufum in 
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,11 — Diagram showing relations after testis enters the inguinal bursa 
C8-niontn fetus). Deeper vaginal process and shorter gubernaculum, i, testis; 
2. fi-ubei’naculum ; 3, peritoneum; .f, transverse and inteinaJ oblique layers; 5, CA'terna/ 
oblique layer; 6, cremasteric layer; «, scrotum; S, pars infravaprinalis. (From 
Eberth, after FrankI, ) 



pig 12.— oi a Mier 

pars vagintil 

Ffani^u" 


nf a later .‘^taKe than that sliown in I'ip. 11. Note (ijo shorter 
and the fiiniciiiar .‘<i)n;>c of the inj^ulnal hursii. 


’airinalls ; peritoneum; transver.^e and int»T* 
Iiquc layer; 7, v-rfitnnf^teric Inyt'V; s, srrorum- 
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the bursa: the external spermatic fascia (intereolumnar fascia), the 
middle spermatic fascia (cremasteric muscle and fascia), the inteimal 
spermatic fascia (infundibuliform fascia or tunica vaginalis communis), 
and the peritoneum (tunica vaginalis proprius). 

Origin of the vaginal process: This evolution of the peritoneum, dis- 
covered by Camper (aecoi’ding to Effler, 1935), originates at a time when 
there are no external manifestations of a biusa (Pig. 13). It repre- 
sents an inferolateral portion of the coelom which appeals grossly to 
have been pushed out by the gubernaculum testis. 



tv) - O'- i'Uornal obl(nm>' faver - Ra = Oe, 

Trn. Iranncn-V abdominal layw. (XS9.) (Frim ■MoMkoivte. i«5 )" " ® niu.icle; 


The faetms involvcl in its formation liave not been adequatelv de 
tet mined Among several interpretations two are chosen tl illustrL 
the complexity of the problem. Felix (1912) maintains that the slft- 
‘ mnbiheal artery from a horizontal to a vertical nhne is fti. 
chief factor. After this shifting, which results from "rowfh of ti 
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crease piugressively until the seventh month (Pigs. 2, 4, and 6).« Im- 
mediately preceding descent of the testis, i.e., at the begimiino' of the 
seventh month (JvJaatseh, 18.90), the diameter of the gubernaculum 
equals or exceeds tiie combined diameters of the te.stis and the epididvmi.s 
(Porssner, 1928; Jloszkowiez, 1935). 

During the process of testicular descent, the gubernaculum becomes 
shorter and shorter but not rvider (see Pigs. 10, 11, and 12). Accord- 
ing to Bberth (1904), respective lengths and diameters at various pre- 
natal ages are as follows.- second month, 1.0 by 0.5 mm.,- beginning of 
seventh month, 12.0 by 3.0 to 8.0 mm. ; end of seventh month, 6.0 by 
2.0 mm.; after seventh month (when descent is almost completed), 
3.5 by 2.0 mm. In the preserved specimens shovm in Figs. 2, 4, and 6, 
the measurements Avere, respectively, 0.4 by 0.2 mm. (left) and 0.3 by 
0.2 mm. (right); 5.1 b}"^ 2.3 mm. (left) and 5.0 bj' 2.5 mm. (right); 
16.6 by 4.8 mm, (left) and 2.9 b.y 5.1 mm. (right). 

Grenerally at birth the gubernaculum is small and inconspicuous; in 
adult subjects vestiges of it, if recognizable, are indistinct. 

4. Origin of the Scrotum. — There is disagreement concerning this. As 
reported by Felix (1912), the scrotum is derived from an unpaired 
scrotal area ivhieli is situated between the anus and the base of the 
penis; and the labioscrotal swellings (paired genital SAvellings) disap- 
pear by contributing to the skin and its underlying layers at the base 
of the penis. This is contrary to an older vieiv Avhich maintains tliat 
the sei’otum originates from the paired labioscrotal sweliings. This 
older vieiv has received neiA’ support from such recent investigators a.s 
Spaulding (1921) and Saunders, Eusk, Loivenstein, and Silvcrbei'g 
(1942). The foimier states that these swellings become distinguishable 
at the 19-mm. stage, that at first they lie latei'al to the developing 
phallus, then migrate caudally and finally fuse to produce riglit and 
left halves of the scrotum. According to the latter investigators and 
to MoszkoAvicz (1935), the primordi.i of the scrotum lie oi'iginally 
front of the penis. 

Anomalous dislocations of the phallus (Pi-aneis, 1940; Meyer, 1941; 
Satmders, Eusk, Lowenstein, and Silverherg, 1942) support the yicaa' 
that the scrotum originates rostrally to the penis. 

5. Development and Fate of the Inguinal Bursa. — The name for this 
fetal .sac Avas introduced Klaatsch (1S90). In males Die proxijual 
portion of the sac becomes the spermatic cord of the adult and the distal 
portion, the part in AA-hieli tiic pcritoneiun is i-elainecl, the .spermatic 
sact Precui'Soi’S of the following definiliA-e layers compose flic v'all ol 


ee addenautn. 

''VI w ae-dpiate 

nts t-O /i> ns ft- con. 

"’°fhV'?ac^thaPns outpocke - 
ze the faci ui.ii aiiTcrcnt ■ 

, considered arc 


. Hoj-dcn In lil.-J tciichlnsr of nicdlral 
which contains the testis. It /.*» W’ea 
, .. cord" and (2) to eni- 

• . the .sn^mintlc are 

• ■ and emhryoIoRicaHy; 

' ■ - id tf'lfi FUheutonra. M 

■ on. only too^rly 
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(1890) describes and illustrates the cone as a prominent structure which, 
in human fetuses as in rodents, first pushes upward and then is retracted 
downward. But this is not eonfii-med by Prankl (1900), who reports 
tlie cone to be rudimentary in man (Pig. 14) . 

Evagination of the abdominal vidl: Previous to testicrrlar deseeirt, 
the abdominal wall becomes evaginated to produce the inguinal bursa. 
The general featirres of this pi’occss are illustrated admirably in a paper 
by Bramaun (1890). 


(1 



1' ri. ■! "s*- : of a section of a 41-mm. human embrj'O, showing: the 

. s. . !> ■ \i “ : xl process in transverse section. Note that dorsally (up 
M P I IS not surrounded by peritoneum of the vaginal process. 

■ I]-,; . • tery and vein: G, frubernaculum ; Oc, external oblique 

Inyer; Oi, internal oblique layer: Pt'vp, processus vafrinalis peritonei; Ra, rectus 
abdomini.s muscle; Tra, transverse abdominal layer. (X89.) (Moszkowicz, 1935.) 

It is said that even by the fourth mouth the external oblique layer 
is slightly evaginated and that by the fifth month the apex of tliis 
layer reaches the upper part of the scrotum (Fraukl, 1900). How- 
ever, in the specimens available to the writer, no evagination was 
observed before the sixth lunar montb. 

In the formation of a bursa, tlie fiuberaaeulum and the A-aginal proc- 
ess become longer with the result that their caudal ends lie nearer the 
scrotum. They carry with them the fibromuseular layers of the ab- 
dominal wall, since these layers are fused to the rudimentary inguinal 
cone. Some anatomists think that the gubernaeulum and the vaginal 
proce.ss pass through an aperlixre which already exists in the abdomi- 
nal wall. But, if the external oblique layer lacks au aperture (Bra- 
maun, 1890: Frank!, 1900), it must bo everted either by the pans 
infravaginalis of tlio gubernaeulum or, perhaps more precisely, bv the 
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. irtT 

vi, *'« ■"B"'"-’! 8«i'e, this doiitractioii sti-etohiiig the peritoneum 
iia the enbevnoculmn. ffis interprotslion is , modificotion of one 
previously published by Klaatsch (1890). 



Fi^. 14* — Transverse section tlirouph the abdominal wall of a 43-mm. human cm- 
brvo On the right (below legend Ci), the transverse and the internal oblique layers 
blend with the gubernaculum to form tlic Inguinal cone. Ac, Inferior epigastric 
artery; Ob inguinal cone, G, gubemaculum , I7o, rectus abdominis muscle. (xSO.) 
(Moszkowicz, 1035 ) 


Until the fifth fetal month, the vaginal process is a small structure, 
bein"’ approximately 1 mm. in length (FrankI, 1900). Except dor.snlly. 
it surrounds the pars vaginaii.s of the guhcrnaeulnm (Figs. 4, 10, HI, 

and 15). 

The bipubiflZ cone: This cone is formed wiien flie gnhcruacnium is 
A d hv skeletal muscle from the fransvoi-se and infernal ohlirjiic 
^of the abdominal wall (FrankI, 1900; .Uoszkowicz, 1935). Flanlseli 
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porary postnatal recession in the size of the testis. A definite answer 
cannot be given; yet the available data (Table I, last vertical column)*^ 
suggest that the weight of the testes decreases slightly during the first 
three postnatal months. Reasons for refraining from an affirmative 


Table I 

SunMAKY OF Data ox the Weight of the Testes ix the Peexatal axd 
Postnatal Periods* 


data op 

CASTALDI AND VANXGCCI 

(1926) 

TOTAL N = CA. 100 1 

DATA OF 

ROESSLE .VXD EOULET 

(1932) 

[ TOTAL X = 775 

COELATED DATA 

TOTAL X = 1734J 

AGE 

IJ^TERVaUa 

X 

TESTES 

WEIGHT 

(GM.) 

AGE 

IXTERVAE 

H 

1 

TESTES ! 
WEIGHT 
(GM.) 

aVGE 

IXTEKVAL 

(LUXAR 

moxths) I 

1 

X I 

TESTES 

WEIGHT 

(GM.) 


The Premial Period 



— 

— 


— 


3 to 4 

4 to 5 

5 to 6 

6 to 7 

7 to S 

8 to 9 

9 to 10 
Postmature 

3 

7 

5 

16 

7 

19 

18 

15 

0.01 

0.10 

0.10 

0.16 

0.28 

0.37 

0.53 

0.79 

j 


— 







— 

— 



— 

— 

The Postnatal Period 

Birth 


0.30 

Birth 

15 

1.41 

Birth 

122 

0.91 

Birth to 



0.71 

Birth to 

21 

1.56 

Birth to 3 mo.? 6 

0.74 

5 mo,J 



6 mo.$ 






3 to 0 mo. 


1.21 

G mo. to 

19 

1.95 

3 to 6 mo. 

15 

1.01 




1.5 yr. 



6 to 12 mo. 

11 

1.19 

1 to 2 yr. 


1.93 

1.5 to 2.5 yr. 

4 

1.98 

1 to 2 JT. 

16 

1.30 

2 to o yr. 


1.53 

2.5 to 6.5 JT. 

12 

2.86 

2 to 4 JT. 

33 

2.29 







4 to 6 vr. 

7 

2.33 

5 to 10 yr. 


1.S2 

6.5 to 12 yr. 

32 

2,90 

6 to S vr. 

23 

3.24 







8 to 10 VT. 

23 

1.(55 

10 to 15 yr. 


7.17 

12 to 18 yr. 

15 

20.55 

10 to 12 JT. 

13 

2.00 




18 to 19 vr. 

15 

27.70 

12 to 15 JT. 

IS 

6.S9 

15 to 20 vr. 


28.38 

19 to 20 vr. 

35 

30.70 

35 to 20 XT. 

66 

27.61 

20 to 30 vr. 

-v- 

28.28 

20 to 30 yr. 

314 

33.28 

20 to 30 JT. 

859 

34.18 

30 to 40 vr. 



27.17 

30 to 40 vr. 

169 

.37.70 

30 to 40 yr. 

198 

36.25 

40 to 50 vr. 



27.05 

40 to 50 yr. 

113 

.36,56 

40 to 50 VT. 

129 

25.25 


— 



50 to GO yr. 

36 

33,84 

50 to 60 JT. 

44 

32.50 


— 

— 

20 to GO yr. 

632 

35.08 

20 to 60 JT. 

1280 

34.53 


— 


60 yr. anil 

14 

35.4.3 

GO JT. and 

IS 

34.52 




over 



over 




iiom m sets oi aaia puoiisnea Dv ouicr oD.sen-ers k. c, n, 

M. JM. CT, tji. j)3. j», jind from unpublished obaerviitlons or H. Mackeen D C 
Aicoane. and R, B. Scammon. Observations from printed sources included on’lv after 
critical examination of the original iiubllcatlons. Total X = ca. 1500. ^ 

Posimatijrc is deflned as .stillborn newborn infants, or infants dvlnir in tlie first 
IS hours after birth, hnving a body length CH of 52 cm. or o«r and/or a f dead l 
oS'^infY.; '"'i SGOO Gm. or over: B.r«. l.s denned as stillbo^t nS^^Cm InfSnti 
PI *" ‘''.o «''S‘ ■<« ’“’“'■.s after birth, having a body length CH of 4 S 

*1 3600 Gm Ape in the ^^renatll 

period Is calculated from empirical formula’ of Scammon and Calkins (1923) 

terJ|;' e?;Se.l"ci"&le"s ‘l’,?„t‘’‘i?^??''w"ero'‘^o?e?‘‘?l'J' o%'l'lrv^;«n 


of 

/>rr 
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rudimentary inguinal cone (Pigs. 10 and 14). In any event, the ex- 
ternal oblique layer is the fetal precursor of the external spermatic 
fascia. 

The orifice of the htrsa: In order for the testis to descend, the orifice 
of the inguinal bursa must be large enough to admit the testis and its 
associated structure;?. As though “anticipating” testicular descent, 
the orifice becomes sufficiently lai’ge. Some authors state that this is 
caused in part by an increase in the diameter of the gubernaculum 
(Forssnei', 1928; Moszkonicz. 1935) rather than by an expansion of 
the inguinal cone (Iflaatseh, 1890). Frank! (1900)^ even while main- 
taining that the cone is rudimentary, believes that it increases the 
diameter of the vaginal process. 

Fate of the hitrsu: After the testis descends, the bursa’s superior part 
becomes funicular and later foims the spermatic cord. Its inferior pari 
persists as the spermatic sac. 


The funicular jiortion of the vagdnal process becomes obliterated after 
birth, nearly ahvaj's during the fii-st postnatal year; thus, the communi- 
cation is lost betiveen the I'aginal process and tlie peritoneal cavity. 
Prom the data of other investigators (Sachs, 1SS7; Engel, 1857), Scam- 
mon (1928) has concluded that more than SO per cent of the cases be- 
tween the tenth and twentieth postnatal days show partial or complete 
obliteration. Usually the obliterative changes are completed earliest 
on the left side of the body. The regression is said to begin at two 
points, namely, near the abdominal inguinal ring and near the .supei-ior 
margin of the testis (Lockwood, 1888). Ho-wever, in a larger number 
of specimens (Engel, 1857 ; Sachs, 1887 ; Frankl, 1895) it has been 
observed to begin in the middle third of the funicular portion and to 
advance rapidlj' upward and downward from this level. Pinal disap- 
pearance of the funicular portion is accomplished by the formation of 
granulation tissue (Pellacani, 1884). 

6. Growth of the Testis. — The ponderal growth of tlie test is in the 


fetal period is similar to that of the body as a whole (AVald and Scam- 
mon, 1932). But the relative weisrht of the testis, in comparison with 
body weight, becomes reduced during this interval from 0.143 per cent 
at the third lunar month to 0.023 per cent at birth. Since the e.xperi- 
mental induction of testicular descent is associated with an inci-ea.se in 
the size of the testes (see riormonal C'on.sideration.s), il is rea.sonaWc 
to suppose that in man normal prenatal descent is influenced by rapid 
testicular growth, espceialL' during the seventh lunar month. How- 
ever concerning this poin'. the data are insufficient to warrant a posi- 
tive conclusion ; at the end of the seventh month and in fetuses having 
cimihr body weight.s, the weiglils of the testes range from less than 
0 2 to approximately 0.6 Gm. (Wald and .Scammon. Fig. I ). 

ouestion should be raised as to whether the interruption of the 
-^of placental aud/or maternal hoi-nionc.s at birth causes a ten,- 



RECEXT ADVANCES IN SURGERY 


455 


period, even including tlie years of senility. This correlates with the 
absence of distinct climacteric manifestations in most senile men. 

From birth to maturity, the increase in the weight of the testes 
(about thirty-seven fold) is relatwely almost tudee as great as that of 
the body (about twenty fold) and most of its parts. Apparently this 
style of growth is limited to the reproductive organs and their auxili- 
. ary structures (Seammon. 1930). 

7. Hidologic Considemiions . — 

The testis; Seminiferous tubules, at birth, measure GO to 80 micra in 
diameter (Table IV) ; they exhibit many undifferentiated cells and few 
spermatogonia (Spangaro, 1902; ilita, 1914). Until the time of ap- 
proaching puberty, they lack real lumina (Cooper, 1929). The tubules 
contain no spermatocytes during the tenth year, several spermatocytes 
during the eleventh year, spermatids by the thirteenth year, and sper- 
matozoa as early as the fourteenth year (iMott, 1919; Cooper, 1929). 
Frequently spermatozoa arc present after the seventh decade of life 
(Engle, 1939). Large numbers of spermatozoa have been reported in 
a man 94 years of age (Seymour, Duffy, and Koerner, 1935). 


T.vbi.e IV 

T)i.\MKTP.r. or THE CosTORTEo ( Semikiferovs ) TrBri,F.R AT Seveuae -Age PF.RlOnS* 


AOE PERtOI> 

M.VMETER (il) 

Shortly after birth 

CO 

to 

80 

Before puberty 

no 

to 

320 

.At the close of puticrtv 

140 

to 

370 

During maturity 

380 

to 

220 

At senility 

200 

to 

260 


of SnanBaro, 1902. 


The interstitial cells of the testis are numerous during the fourth 
and fifth fetal mouths. A decliue in the amount of interstitial tissue 
has been reported to occur between the fifth month and birth (Felix, 
3912); hut llita (1914) maintains that this is apparent, rather than 
actual, because tubular tissue is acquiring greater quantitative pre- 
dominance. In a child 4 months of age, the interstitial cells are said 
to be fewer and smaller than at the time of bii-th (iMott, 1919). 

llasmnssen (1932) has written an extensive account of the inter- 
stitial cells. They present an epithelioid appearance and a polygonal 
shape. They occur singly or in irregular groups. Their cj-toplasm 
eoiitains near its periphery such lipids as phospholipiu. glyeolj-pin, 
cholostmil .and its esters, and probably neutral fats. Centrally the 
criopl.asm exhibits secretion-like granules. These arc most conspicuous 
' m normal hypertrophic cells. 

The scrotum: The' wall of this stvacluve consists of skin, cutaneous 
»ppciidage.s. smooth muscle, and eonneetive tissue. Fat is scarce or 
absent, while sweat glands arc abundant. The cpidetanis is thin. 
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answer include the following : (1) there are relatively few observa- 
tions during these months, (2) the average weight of the testes during 
this period (0.74 Gm.), although less than at birth (0.91 6m.), is almost 
identical with that of “postmature” newborn infants (0.79 6m.) and 
(3) it is uncertain whether in this iieriod some of the data involve 
premature infants. 

During postnatal life, three phases of testicular growth have been 
z’eeognized (Scammon, 1930). In the first phase, extending through 
infancy, the testis shows a distinct increase in size. In the second 
phase, extending approximatelj' from the latter part of the first to the 
end of the tenth years, the testis grows relatively little. The tliircl 
phase extends into the third decade. During all except the latter part 
of this phase, the testis exhibits rapid grov'th (Tables I to III). 
Testicular growth during the circnmpuberal period is stimulated un- 
doubtedly by hypophj'sial gonadotropic hormones. It is an interesting 
fact that the weight of the testis is rather uniform during the adult 


Tabi.e II 


Dimensions op the Teste.s in the Postn.vtal Period* 


AGE INTERVAL 

X 

DIMENSIONS (MEANS OF EIGHT AND LEFT TESTES) 

LENGTH 

(MM.) 

BREADTH 

(MM.) 

THICKNESS 

(MM.) 

Birth 

19 

11.0 

6.6 

5..) 

Birtli to 3 mo. 

23 

12.9 

7.3 

5.6 

3 to 6 mo. 

15 

14.5 

8.0 

6.0 

6 to 12 ino. 

9 

14.9 

S.9 

7.2 

1 to 2 yr. 

11 

15.2 

9.1 

8.2 

2 to 5 yr. 

14 

15.6 

7.9 

7.’# 

0 to 10 yr. 

20 

16.0 

9.7 

9.0 

10 to 12 JT. 

10 

1S.0 

n.s 


12 to 15 yr. 

12 

27.7 

16.1 

14.6 

15 to 20 yr. 

13 

39.0 

31.5 

20.0 

Maturity' 

40 

42.0 

3S.0 

2.3.0 


(20 to 60 yr.) 


*Based on the data of Sappey, 1S7C. Vvedenski, 1900. and Mitn. 1911. 
vations included only after critical examination of tlie oriftmal puhiic.'ition. 
N = ISO. 


Obser- 

Totni 


TjVBLE III 

Dimensions of the Testes in tub Living in the Postnat.m. Period* 


age interval 


Birth to 3 mo. 
3 to 6 mo. 

6 to 12 mo. 

1 to 5 yr. 

5 to 10 yr. 

10 to 11 yr- 

11 to 12 JT. 

12 to 13 yr- 

13 to II w- 

14 to 15 yr- 

15 to 16 yr- 


17 

30 

oG 

32 

11 

S 

7 

G 

G 

4 



RIGHT 

TESTLS 

LEPT TKRTJS 

N 

LENGTH 

breadth 

l.E.VGTII 1 BREAPTII 


(MM.) 

(MM.) 

(.MM.) ( (MM.) 

24 

16 

S 

16 8 


17 

IG 

IG 

17 

17 

10 

2.3 

28 

28 

35 


S 

S 

. 8 

!l 

9 

9 

12 

14 

14 

20 


IG 

IG 

17 

17 

17 

20 

23 

28 

29 

30 


S 

s 

,8 

S 

.9 

10 

12 

14 

15 
20 
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2, The Effects of Injecting Gonadotropins . — 


Descent of the testis: This has been induced in prepuberal monkeys* 
by injecting either hypopliyseal or chorionic gonadotropin (Engle, 
lk2b; Aberle and Jenkins, 1934), and in adult hypophysectomized 
monkeys by injecting the latter hormone (Smith, 1938). 

klany investigators have observed the effects o£ gonadotropins on the 
testes of immature I'ats. Generally they have not mentioned whether 
precocious descent occurred. This is readily understandable because 
in normal immature rats the position of the testes is so variable that 
the identification of precocious descent is difficult ; upon handling nor- 
mal immature rats, the te.stes move freely upward and domiward. 
But it has been noted frequently that in animals receiving gonado- 
tropins, the scrota are larger than those of controls. 

Descent has been obtained in ground squirrels by injecting either 
hypophyseal, urinary hypophyseal, or chorionic ganodatropin (see be- 
yond). These wild rodents are favorable animals for such observations 
because in them complete descent does not occur normally until eight 
or more months after birth. 

There is bountiful litei-ature concerning the clinieal induction of 
descent by means of gonadotropins. Since this literature has been 
reviewed in December. 1942 (Pullen, Wilson, Hamblen and Cuyler), 
only brief comments seem to be desirable. From the earlier papers. 
Engle (1936) noted that chorionic gonadotropin had been reported to 
cause the descent of " undescended testes” in 119 of 172 cases. Un- 
doubtedly, this high percentage (69.1 per cent) is due to many inac- 
curate diagnoses previous to thcrapy.t Thompson and Heckel (1939a), 
excluding from their data the patients with “migratory”! testes, re- 
ported fewer positive re.sponses (about 20 per cent). Orehidopexies 
were performed on eleven patients whose te.stes failed to descend. In 
each of these patients, anatomical barriers to descent were observed 
during the operation. Thompson and Heckel believe that perhaps 
gonadotropins cause de.scent only in those individuals whose testes 
wmdd descend, without treatment, near the time of pubei’ty. 

Testis as a xchoh: The te.stes of ex])erimental animals respond to 
gonadotropins by growing. Although variable in different animals 
receiving identical amounts of hormone, testicular growth tends to 
vary directly with the quantity of hormone which is given. Thu.s, in 
monkeys receiving hypophyseal or chorionic gonadotropin, weights of 
the testes were dovdiled (Engle. 1932a). In rats injected with chorionic 
gonadoti‘ 0 ])in (Jloore. 1936) and in ground squirrels injected with 
urinary hypophyseal gonadotropin (Wells and Overholser, 1938). 


t # Accorfjlni; to nomiiil clo'-urt* of Ihi* alulonunal infrulrifil rlnn- i 

iK-fort; inj.^cllon.K vwr,. b.'mm. Subsoqunntly. howUTr Wislockf 

that In monkey? thl'i rinj; frcqucnlly is open. 1933) reported 

(1 'Tm/rn- Tl.onn,.«on :.nd Heckel 
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SnRGEKV 


According to Eberth (1904), two layers of sniootli muscle are pres< 
lie outei' layer, consisting of circular fibers and belonginsr to the deni 
IS tlie thinner. It extends across the raphe. The inner layer contai 
longitudinal and oblique fibers; it constitutes the greater part of t 
subcutaneous layer and is knomi as the dartos tunic ; from right ai. 
lett sides, some of its fibers are reflected to form tlie scrotarseptiu 
which separates the scrotum into paired scrotal sacs. The dartos tunr 
is attached to the spermatic sacs by means of loose connective tissm 
which is called the intermediate stratum and u-hich represents the non- 
dartos portion of the subcutaneous tissue. 


HORJIOX.IL COXSIDER-mOXS 


1. Gonadotropins. — The gonadotropins are honiiones which stimuiafe 
the testes (and tlie ovaries) . Those occurring in the anterior hypophysis 
are called In'pophyseal*' gonadotropins. Pioneer investigations concern- 
ing them were made by Smith (1927) and by Smith and Engle (1927). 

The gonadotropic hormones (gonadotropins) are thought to be pro- 
duced by the bj’pophysis .- the gametogenic hormone (fhylakentrin or 
follicle-stimulating hormone) and the interstitial cell-stimulating hor- 
mone (metakentrin or luteinizing hormone). Eemews of this subject 
have been written by Pevold (1939) and by Engle and Levin (1941). 
The latter authors point out the reasons why the existence of two 
hypophyseal gonadotropins is difficult to prove. The gametogenic 
hormone is reported to stimulate the seminiferous tubules and to have 
no effect upon the interstitial cells (Greep. Fevold and Hisaw. 1936; 
Greep, van Dyke and Chow, 1942). But the interstitial cell-sfimiilafing 
hormone stimulates not only interstitial cells but also seminiferous 
tubules as well (Greep and Pevold. 1937; Greep, van Dyke and Chow, 
1942; Simpson, Li and Evans, 1942). A tentative explanation for the 
action of the latter hormone on the tubules is that endogenous andro- 
gen, released by intersfifial celis in response to the hormone, stimulates 


the tubules. 

Other gonadotropins are present in the body fluids of pregnant ani- 
mals. Apparently they are produced by the chorion rather than by 
the hypophysis, hence they are called chorionic gonadotropins. Still 
other gonadotropins, appearing in tlie urine of normal men and women 
and of menopausal subjects, are designated as urinary Jiypoiiliyseal 
gonadotropins. Chorionic and urinary hypophyseal gonadotnipins are 
believed to contain both gametogenic and intci-stitial ecll-.stimulafing 
hoi-mones; but the indications are that the former gonadotropin con- 
tains mostly interstitial cell-stimulating hormone and that the latter 

consists chiefly of gametogenic hormone. . „ , , , 

Gonaodtropins act directly on the tesfe.s. By causing the testc.s to 
secrete androgen, they stimulate indirectly .such accessory repro 
Se organs as the scrotum and the ductus deferens. 

— — — *<on 1 note concernin?: tlio .«pi Illnc of tlilt n'lJ''ctlV 

(1913) ha? • 
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2, The Effects of Injecting Gonadotropins . — 


Descent of the testis: This has been induced in prepubex’al monkeys* 
1)y injecting either liypopliyseal or chorionic gonadotropin (Engle, 
1932b; Aberle and Jenkins, 1934), and in adult hjTJophysectomized 
monkeys by injecting the latter hormone (Smith, 1938). 

Many investigators have observed the effects of gonadotropins on the 
testes of immature rats. Generally they have not mentioned whether 
precocious descent occurred. This is readily understandable because 
in normal immature rats the position of the testes is so valuable that 
the identification of precocious descent is difficult ; upon handling nor- 
mal immature rats, the testes move freely upward and domiward. 
But it has been noted frequently that in animals recehdng gonado- 
tropins, the scrota are larger than those of controls. 

Descent has been obtained in ground squirrels by injecting either 
hj'pophyseal, urinary hypophyseal, or chorionic ganodatropin (see be- 
yond). These wild rodents are favorable animals for such observations 
because in them complete descent does not occur normally until eight 
or more months after birth. 

There is bountiful literature concerning the clinical induction of 
descent bj* means of gonadotropins. Since this literature has been 
reviewed in December, 1942 (Pullen, Wilson, Hamblen and Cuyler), 
only brief comments seem to be desirable. From the earlier papers, 
Engle (1936) noted that chorionic gonadotropin had been reported to 
cause the descent of “undescended testes” in 119 of 172 eases. Un- 
doubtedly, this high percentage (69.1 per cent) is due to many inac- 
curate diagnoses previous to therapy.! Thomp.son and Heckel (1939a), 
excluding from their data the patients with “ migratory ”t testes, re- 
ported fewer positive response.s (about 20 per cent). Orchidopexies 
were performed on eleven patiehts whose testes failed to descend. In 
each of these patients, anatomical barriers to descent were observed 
during the operation. Thomp.son and Deckel believe that perhaps 
gonadotropins cau.se descent only in those individuals whose testes 
would deseend, without treatment, near the time of puberty. 

Testis as a whole: The le.stes of expcrimeiital animals respond to 
gonadotropins by growing. Although varialile in different animals 
receiving identieal amounts of hormone, testicular growth tends to 
vary directly with the quantity of hormone which is given. Thus in 
monkeys receiving hypo})hy.seal or chorionic gonadotropin, weights of 
the testes were doubled (Engle. 1932a). In rats injected with chorionic 
gonadotro})in (Moore. 1931)) and in gnnind squirrels injected with 
urinary hypophy,seal gomniotropin (Wells and Overholser, 1938), 


•Acciirijlns to Enttlo, noniiiU cliwuri- of the alKlotnimU iOKtUnnl rlnc In,! 

TL wr-aocki "1933/ ?eporte1 


bufore won* b«'fTun. SubJ’cqucntly, !mwc\'ori 

tbiii In juvtnlb* ntonkf>.< lblj< rinc frequently Ih open.’ 

. bettor diaKnoses nrc* outlined bv or,.i u 1 » 

(lOaOa) nnd hy Hamilton ( 1911 ). ' inompf^on and Heckel 
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WMght of the testes of some animals increased more than 400 per cent. 

growth IS due to hypertrophy of the seminiferous tubules, of the 
interstitial tissue, or of botli. 

^ Seminiferous^ tuhules: Growth of the tubules has been reported con- 
sistently in animals receiving gonadotropins. The groiifh undoubtedly 
causes an increase in tlie size of the testis and it may occur even in the 
absence of spermaiogenetie acceleration. As might be expected, liow- 
evei, the gi’eatest tubular growth is to be observed in animals which 
respond to gonadoti’opins by pivdiiehig spermatozoa. 

As may be inferred from the above remarks, the gametogenic response 
to gonadotropins is variable in diiferent sjieeies. Clinical observation.s 
on the subject deal largety with tlie quantity and qualify of speniin- 
tozoa in patients leeeiving various gonadotropins.^' The majority of 
these observations may be interpreted as evidence that in man injec- 
tions of gonadotropins cause gametogenic responses. 

jimong mammals, the precocious production of spermatozoa in re- 
sponse to gonadotropins has been observed only in one species — the 
ground squirrel, ft has been induced by adequate treatments with the 
following materials which contain hypophyseal, urinary hypophyseal, 
of chorionic gonadotropins: fresh hypophyses (Wells, 1935a; Wells and 
Gomez, 1937a), urine of pregnant women, antuitrin S (WelLs, ’ISSoa), 
blood serum from pregnant mares (Wells and Moore, 1936 ; Wells. 19351), 
1937) and prospermiu (Wells and Overholser, 1938). But in animals 
such as the mo 2 ikey (Engle, 1932a) and the rat, provided a reliable 
criterion for judgment is used (Moore, 1936; Zondek, Brzezinski, and 
Sulman, 1941), gonadotropins fail to induce the precocious formation 
of spermatozoa. 

It seems reasonable that diffei'ences in age may explain in part the 
differing responses elicited in prepubcral ground squirrels and rats, 
the former animals being older than the latter. Indeed, other investi- 
gators have reported observations whieli support this idea. Smith and 
Leonard (1933) demonstrated that choi'ionic gonadotropin will )))ain- 
tain spermatogenesis in adult hypoidiysectomized rats or repair the 
damage caused by hypopliysectomy, thus showing that vats may re- 
spond to gonadotropin when they’^ have reached an appropriate age or 
when their tissues have become sufficiently differentiated. Leathern 
and Webster (1942) reported similar results in adult guinea pigs. 
Also, it has been noted that urinary hypophyseal gonadotropin can 
induce complete spermatogenesis in rats wdiieh arc hypopiiysectomized 
near the time of puberty, allowed to go w'lthout treatment for several 
divs injected for several weeks, and killed at the approximate ago of 
60 to 70 days (Leathern, 1940; Leathern, and -Mills, 1942). It may be 
out that with aging the immature ovary is known to gain re- 
s onsiveness to gonadotropins (Smith and Bugle, 1927). In addition 

. , ronci’rnlnjr thit tnptr iirp av;illn»,li.. (n (lie IjUillOBrni’liy 
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to age, the duration of treatment may help to explain the different 
responses, several weeks being required for the production of sperma- 
tozoa. Length of the prepuheral period permits this din-ation to be 
longer in immature ground squirrels than in immature rats. 

The situation in prepuheral monkeys is less clearly understood. But 
there is evidence that the age of the animals and the duration of treat- 
ment are not the only factors responsible for the lack of response in 
monkeys. For Smith (1938) has shown that in an immature hypophy- 
seetomized monkey weighing 4040 Gm., twenty-nine daily injections of 
chorionic gonadotropin fail to stimulate spermatogenesis. In adult 
hypophysectomized monkeys, this gonadotropin provides imperfect 
restoration of spermatogenesis in testes which have undergone involu- 
tion; although when injected immediately after hj-pophysectomy, the 
gonadotropin maintains spermatogenesis for twenty days but not for 
longer periods of time (Smith, 1942). It is not known; therefore, why 
this species is refractory to gonadotropins but the possibilitj' exists 
that antigonadotropins may be involved.'^ 

Interstitial tissue:^ Certain gonadotropins cause conspicuous in- 
creases in this tissue (Steinach and Kun, 1928; Engle, 1929; Moore, 
1936) and, consequently, growth of the testes. 

The responses of the interstitial tissue to various gonadotropins have 
been reviewed by Engle and Levin (1941). Two criteria are useful for 
identifying positive stimulation by gonadotropins. The first is an ana- 
tomical criterion which may be either a hjqjertrophy of the interstitial 
cells or an unquestionably significant increase in the amoirnt of in- 
terstitial tissue.! The second criteinon, an indirect one, consists of an 
increase in the size of accessory rcprodxxctive organs sxxcli as the sem- 
inal ve.sicles and the pi’ostatc. It is based upon the genex’ally accepted 
view§ that the inlei'htitial cells pi-odxxce androgen which is knoxxm to 
.stimulate the acecssoiy icproduetix’e organs of males. Through the 
use of these criteria, the observations indicate that the interstitial tis- 
sue may be stimulated by all gonadotropic preparations except those 
containing px-edominately the gametogenie hormone (follicle-stimxxlat- 
ing hormone or thylakentrin).t 

Scrotum and ductus deferens: These accessory reproductive struc- 
tures also grow in response to gonadotropins. However, as mentioned 
prcvioxx.sly, they respond indirectly to gonadotropins, the androgen 
produc ed by the testes being the stimulating agent. 


si'RSCst that nntieonatXotiopins arc immune bodm.! 
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descent of the testes, experimentally indiieed, Engk 
UJ42b) reported a sig-nifieant growth of the scrotum and an increased 
testicular mobility ; it seems reasonable to believe that part of this 
mobility was due to growth of the ductus deferens. In prepuberal 
and hypophyseetomized ground squirrels under the experimental in- 
fluence of gonadotropic hormones, the scrotum acquires the size and 
anatomical features characteristically occurring in breeding males and 
the ductus deferens increases remarkably in length (Wells, unpub- 
lished observations). 

Summary: Descent of the testis has been induced by administering 
the folloiviiig gonadotropic agents; fresh hypophysis tissue, aqueous 
hypophyseal extract, uidne of pregnant women, extracts of pregnancy 
urine, blood serum from pregnant mares, extracts of pregnant mare 
serum, and extracts of urine from normal men. The gonadotropins 
cause the testes to grow and to secrete androgen, the latter hormone 
causing growth of the scrotum and the ductus deferens. 


3. The Effects of Injecting Androgens . — 

Descent of the testis: In the following, the testes have been observed 
to descend in response to injections : patients exhibiting cryptorchid- 
ism (Hamilton and Hubert, 1938; McCulIagh and lilcGurl, 1939),* 
monkeys (Hamilton, 1938), rats (Steinach and Ivun, 1940), and ground 
squirrels (Wells, 1935a, 1942a; Wells and Overholser, 1939; Wells and 
Moore, 1936). 

Groivth of the testis: While there is abundant evidence that injec- 
tions of androgen suppress the hypophysis and thereby injure the testis 
(Moore and Price, 1932; Moore, 1941). it is also clear that ui\dcv cer- 
tain circumstances androgen stimulates the testis, although the rotilc 
by which it exerts its stimulating action is questionable (Wells, 1942a: 
Moore and Morgan, 1942). As discussed previously in considerable 
detail (Wells and Moore, 1936), the testes of different .species exhibit 
different responses to andi'ogcn. 

These differences are illustrated vividly by the effects of androgen 
on testicular growth. Thus, in intact prepuberal ground squirrels, a 


fourfold increase in the weight of the testes can be secured; in mo.st 
respects, these testes resemble tho.se of rutting adult.s. Conversely, 
the testes of immature injected rats msiially arc smaller than those of 
untreated littermates. 

There is little information concerning the effect of androgen on the 
size of the human testis. Testieiilav enlargement has been reported by 

Webster (1938). 

Tpctieidar growth, when it occHr.s. is <Iuc mostly to hypcrtroi)h.' 

nf the seminiferous tubules. It is not due to fJie interstitial iis.sue 
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by androgen (Cutuly, McCullagh and Cntnly, 1937 ; Greep, 1939; Selye 
and Friedman, 1941 ; Shay, Gershon-Cohen, Paschkis and Pels, 1941 ; 
Moore and Jlorgan, 1942 ; Wells, 1942a, 1942b, 1943) . 

Seminiferous fiibitles: Onr knowledge about tbe response of kumau 
tubules to androgen has been secured indirectly by observing tbe 
semen of patients. I know of only two papers which report an in- 
creased number of spermatozoa in response to androgen (Vest and 
Howard, 1938; Rubenstein and Kurland, 1939). At least six other 
clinical papers report decreased numbers of spermatozoa (for this 
literature, see Pullen and associates, 1942b). Obviously it is desirable 
to study this question bj' observing the tubrrles secured at biopsies: 
this method of investigation is being used (Charny and Meranze, 1942). 

There are numerous investigations concerning the action of androgen 
on the seminiferous tubules of animals. These investigations have 
been reviewed recently bj- Moore and Morgan (1942) who state that 
“the effects of androgens upon the testis remain an open question.” 
In several species, an inhibition of the tnbvdes has been observed; but 
in one species and in other species especiallj' after hypophyseetomy, 
stimulation of the tubules has been noted. The precocious formation 
of spermatozoa has been induced by androgen only in the ground 
squirrel (Wells, 1935a, 1942a; Wells and Moore, 1936; Wells and 
Gomez, 1937b; Wells and Overholser, 1939). But the production of 
spermatozoa after puberty has been obtained by injecting hypophy- 
sectoniized rats with androgen (Cutuly, 1941a ; Kelson, 1941). 

The inguinal bursa: In at least two species of rodents, the size of 
this paired structure depends upon androgenic stimulation and upon 
mechanical distention by the testis (Wells, 1937b; Wells and Over- 
holser, 1937).* The original evidence for this statement was secured 
by observing the bursae of animals which had been unilaterally or 
bilaterally ca.strated. Additional observations have been made; in 
animals receiving androgen, the bursae exhibit significant growth 
(Wells, unpublished data). In monkeys, Hamilton (1938) has reported 
that injections of androgen cause the cremaster muscle to grow. 

Scrotum: It is generally agreed that during the postnatal period 
the scrotum grows in response to injections of androgen. Such growth 
has been observed in monkeys (Hamilton. 1938). The scrotum became 
bilobed, dependent, and rugose, while the scrotal raphe became red 
and prominent. After injections, the scrota of rats increase in size 
(Hamilton. 1936; JIartins, 19381. In the ground squirrel, unpublished 
observations show that injections of androgen cause the scrotum to 
grow and become pendulous, to acquire a black color, and to exhibit 
coarser and le.ss abundant hair. 


In the rat. scrotal growth is <lue to androgenic stimulation and to 
the dis tendiug action of the testes (Selye, 1943). In this species. 
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scrotal contractility is reflated br androaen ('Andre— 19^(1- T™ 
reil, Anorevrs and Zeile. 1942). ' * ' • ‘ 

The human scrotum is stimulated by androgenie treatments (Bam- 
ilton and Hubert, 1935; Test and Howard, 193S; ITebster. 1935). 

Biidus deferens: This organ also is governed bv a male hormone 
.. 2 ^ 2 . 19o0). .Several investigators have stated that injections of 
androgen cause the ductus to become longer. I have some unpuh- 
^hed data showing that in rodents androgen mar cause almost a two- 
fold increase in the length oi the ductus, average lengths beincr the 
loUowing; in seven controls. 25.-5 mm, and in twenty-one injected 
animals. 47.2 mm 


-r. Eueds of Tnjeefing Esfrogen: Greene, Burrill. and Ivy <'1940' 
have obtained intersexnal rats by injecting their mothers durintr pren- 
naney. Among the interseves. representing modiSed males, the.v ol>- 
served the lailure of testicular descent and the absence of scrota. At 
birth, the testis exhthifed an atypical position near the inferior pole 
of the kidney. 

In male mice, injeerions of estrogen cause the testes not to descend 
(Burrows. 1936). In adult rodents receiving estrogen, sc-roiai teste-' 
return to an abdominal position (Wells. 193-5a>. 


PRESEXT STATTS OF THE PKOSLEt-t 


The question immediatel.v arises as to what causes the gubernacuiura 
to evert the abdominal waU. thus producing the inguinal bursa. The 
size of the gubemaeulum in fetal freemartins (Bissonnette. 1924' sun- 
gesTs that androgen may be the stimulating agent: apparently there 
is no b'teratnre concerning the eSeef of homtones on the gtibemncnhur.'^ 
I am investigating this problem ( Wells, unpublished data 

Two stages of descent should be recognized. The first involves the 
passage of the testes into the inguinal btiisae. During the s-.-e-ond stasc. 
bursae and testes extend downward and enter the scrotum. 


Both staaes occur prenatally in such forms as man. monkeys, and 
domesticated ungulates ''horses, cattle, pigs, sheep, and goats*/. an<l 
postnatally in the opossum (which has a “prepeniar' scrotum*. Sev- 
eral species, illustrated by rodents, c.vliibit the second stage durinc 
the puberal period. In such .species, there is inadequate ininrraatmri 
concerning the time when the first stage occurs. I have found that 
in newborn mice. rats, rabbits, and guinea pigs, the bursae o: pre- 
served specimens nsuall.v co.ntain the caudal epididymides and some- 
times the inferior extremities of the testes (unpublished ob'^ervations 
Sinc-o most of the recent obsc-rtmtions concern pri.^tnat.-i! rather than 
prenatal descent, the fonner will receive first attention. 


--_w7A> 


rP^rs:^ V-?.- 
tarirr, Cntver;;., 


cr.. t?W) ■K-JlT ■?. 

V:T,; cf tr'- CTjl-f’rr.i'-jCj—.. 
Z-Z..,-r. rr:-'r. Te-. W. L. t. !>■ r i 


* 


rf Al-.r-a j!:;' 





llECEXT ADVAXCES tX SURGERY 


463 


Puberal descent: During puberal descent, it is probable that the 
ubernaeulum functions chiefly, as its name implies (governor), as a 
Hiding agent for the testis. But there is experimental evidence that 
this structure is not absolutely necessary; in a small percentage of 
rodents in ■which the gubernaculum was severed unilaterally during 


the prepuberal period, the testes subsequently descended into the 
scrotum (unpublished data). At autopsy, such testes lacked adhe- 
sions. In weight and in quantities of spermatozoa, these resembled 
contralateral, normal testes. 

Hypophyseal gonadotropins provide stimuli essential for descent of 
the testis since the testes of prepuberally hypophysectomized animals, 
after failing to descend at the expected time, can be induced to descend 
by making intermuscular implants of hj'pophyseal tissue or by inject- 
ing gonadotropic hormones. The ground squirrel affords additional 
information which supports this thesis; in this species after annual 
rut, the testes normally return from the scrotum to the abdomen. The 
information was secured by assaying the quantities of gonadotropic 
hormones in the hjqjophyses of different animals. The quantities were 
foEind to be minimal in animals Avith abdominal testes (prepuberal or 
adult), greater in those with partially descended testes and still greater 
in those with scrotal testes (Wells, 1938). It may be mentioned that 
low environmental temperature favors high levels of gonadotropins 
in the ground squirrel with the striking consequence that, through 
the experimental provision of a cold environment, the testes maj' be 
caused to remain in the scrotum for more than twelve months (Wells 
and Zalesky, 1940). In this species, descent normally occurs during 
the period of hibernation. 

Greater responsiveness of the testes to gonadotropins is a character- 
istic of puberty. Tlie testes respond to hjqAophyseal gonadotropins by 
growing and by producing androgen.® 

Testicular growth is undoubtedly related to descent. It causes 
ponderal enlargement of the inguinal bursae ; the evidence for this is 
that in unilateral castrates, the weight of the bursa is less on the 
operated side (Wells, 1937b; Wells and Overholser, 1937). Obviously, 
the bursae must enlarge in order to reach the scrotum. However, 
there are two reasons for believing that testicular groAvth is not a 
ma,ior factor in descent. First, human testes descend before the onset 
of ])ubcral testicular growth. Second, if a paraffin pellet is placed 
inside the tunica albuginea, after removing the contents of the latter, 
injections of androgen cause the pellet to descend (itiartins, 1938) ; 
the pellet simulates a testis but differs from one by being unable to 


grow. 


The chief hormonal factor in descent probably is the growth- 
sliimiln ting action of androgen on accc.ssory reproductive organs (in- 


n, sainptoKcnlc rc^pon^e which 
F«crolufji, In production of j'ptTinatozon. 


after they reach the 
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l,u,-.sa. iMcliulint; cmnaslc-K- nuisalo; flucfus deferens; scrotum) 
and llieir associated sliaiefures (spenaatie vessels). Near the time of 
ptiljvrly, these orfrans jirohahly Iiave aerpiired a -rreater capacity to 
i(s])OMd to androfren. f'oneerniijf'- tliis, ue have pre.sninptive evidence; 

le e\ idenee is that as rats heconie oldei', their .seminal vc.sicles respond 
more readily to certain androKoiis (Hooker, 1942; Selye and Albert. 
I9-1-). I'rom the availalile data (limited to one species, namely, the 
intll), it seems that tlie puberal increment of testicular androgen i.s 
t-Tadiial rather than rapid (Ifooher. 199,7). 


Some of the androfren may he derived from extragonadal sources 
such as I lie .iuvenile adrenal cortex. In some species (rodents) the 
evidence for this is convineinp (Price, 3J)3(i. 1.930, 3.941, 3942; Davidson 
and Uloon, 3fl3fi; Howard, 2937. 3938. 3939; Bnrrill and Greene, 1939. 
1940; AVintersteiner, 1941). 

•Spontaneous, puberal descent of the human (“undcseended”) testis 
desei'ves careful stiul.v.f Desirable observations are those oji the pa- 
tient oxhibitinir unilateral cryptorchidism because they may assist in 
answeriii" the followinfr cpiestions: (3) How can prenatal hormones, 
equally distributed to both sides of the body, exert unequal influences 
on the two testes? (2) AVhy, in the case of one and the same testis, 
should antenatal hormones be ineftective and puberal hoi-mones effective? 

Prenaial descent: noi-moi}cs probably are involved. This view re- 
ceives support from the following observations: (1) in several species, 
postnatal descent has Ireen induced b.v iiyecting hormones, (2) the 
hormones in question are present during pregnancy, (3) after parturi- 
tion. the testes of rhesus monkeys ascend from the scrotum (AVislocki, 
1.933). 

The involvement of chorionic gonadotropin has been postulated 
(Engle, 1932b). If this hormone is a factor, it would be expected to 
exei'l its action by stimulating the testis. But the fetal testis may not 
be able to respond ; in pouch-young opossums the reproductive organs 
of which exhibit fetal charaeterisfies, the testis fails to respond (until 
63 to 70 days after birth) to injections of gonadotropin (Jfoore, 1940; 
Hoore and Morgan, 1943). Furthermore, as a manifestation of tes- 
ticular stimulation by the hormone, one would expect conspicuously 
3 'apid growth of the testis. The available data for man (Table I) fail 
to reveal exceedingly rapid growth during the critical period imder 
discussion (previous to the seventh lunar month) and, as pointed out 
earlier, they also fail to indicate that the testis regresses in size im- 
mediately after birth (i.e., when chorionic gonadotropin is no longer 
available). If fhe hormone does not stimulate the fetal testis, could 
it influence descent by stimulating some fetal organ other than the 


" — ^ ‘fi, flqrendinfr affe duiing: the interv'al betvveen birth and Puberty, 
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testis? At i^reseiit it is impossible to answer tlie question, but one i.s 
tempted to speculate that this hormone might cause the production of 
andi-ogen by the provisional cortex (“fetal cortex”) of the suprarenal 
gland. In such speculation the main considerations are the following: 

(1) injections of equine gonadotropin stimulate the suprarenal corte.x 
of hypophysectomized I'odents (Zale.sky, Wells, Overholser and Gomez;" 

(2) in Juvenile rodents, the suprarenal gland probably secretes andro- 
gen; (3) postnatal descent of the testis can be induced by injecting 
androgen. Finally, in order for chorionic gonadotropin to be a factor 
in descent, an adequate quantity would have to be present Just pre- 
ceding or during descent. Actually, the quantity of this hormone is 
greatly diminished during the last two trime-stcrs of pregnancy (Evans, 
Kohls, and Wonder, 1937). 

In view of what has been said concerning the relation of androgen 
to puberal descent, is it likely that androgen inhuenees prenatal de- 
scent? If so, androgen mu.st be available during pregnancy and the 
fetal organs must depend upon it during their normal development. 
The secretion of androgen by the fetal te.stis has been postidated by 
Lillie (1917). This hormone has been extracted from fetal testes 
(Womack and Koch, 1932; Hooker. 1937). but this does not prove 
necessarily that it originated in them. That androgen is present in 
pregnant animals (rat) has been reported by Burrill and Greene 
(1942), If one assumes that androgenic hormones influence descent, 
progesterone needs to be considered in this problem because it has 
been found to have androgenic properties (Lamar. 1937, 1940: Greene, 
Burrill and Thompson. 1940). The po.ssible production of androgenic 
hormones by the fetal adrenal glands should not be overlooked. How- 
ever, in the fetus, there is no evidence indicating that accessory repro- 
ductive organa (inguinal bursa, ductus deferens, and scrotum) depend 
upon androgen. The prostates of pouch-young opossums, exemplify- 
ing accessory reproductive organs, continue their normal development 
for several weeks after castration (Jloore, 1941b). Further study is 
desirable, 

Goncerning estrogen, Wi.slocki (1933) postulated that this hormone 
might promote descent by acting upon the scrotum; yet .subsequent 
oh.scrvations by other invc.sligators make this ap]icar to be verv un- 
likely. 

We may now consider certain nonhormonal factoi-.s. Hosz.kowicz 
(1934) calls attention to an cmbryological phenomenon which makes 
<ieseent a possibility but which sheds no light on tlie forces of de.seent. 
lie suggests that in males the regre.ssiou of the Hiillerian duets favors 
descent by providing greater te.stieular mobility, and that retention 
c£jlmm frequently causes cryptorchidism ; in three human .subjects. 


•lh»\v»‘wr, Uio cortU-otroplc factor in man- ^•'crum unUKo 
n«>t t'> i!c‘»troy«ui hy hoallnt: (Oolla anil Kol**.**. 1012). 
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SUKGKRY 


he ob.spi'vccl Ihc siimillaneous oeeurrence of liermaphroditism (inelud- 
iiifT IJio presence of (he “broad ligament") and cryptorchidism. But 
cryptorchidism is not always associated with hermaphroditism. In- 
deed, in (lie most e.xtrcme case of hermaphroditism recorded among 
mammals CWells, .L037a), the mesometriurn (infraprimate homologue 
of the broad ligament) failed to prevent the experimental induction 
of descent by injections of chorionic gonadotropin; it is of general 
intciest that in response to these injections, the ovotestes of one and 
the same animal produced ova, corpora lutea, and .spermatozoa. 

3 ho (theoretical) contraction of .skeletal musele in the inguinal cone 
has limited application. This is because the cone, although a promi- 
nent structure in rodents, is not well developed in human fetuses. 

It becomes increasingly evident that the gubernaculum does not pull 
the testis into the scrotum. It may be recalled that Forssner (1928) 
vehemently denies the presence of smooth musele in the gubernaculum. 
The view that retrogressive shrinkage of the gubernacnlum pulls the 
testis downward is open to a serious criticism — the gubernaculum is 
not attached distally to an immovable structure. 


COXCLUSIONS 


1. Some observations suggest that in man hormones (chorionic gon- 
adotropin and androgenic substances) are related to normal, prenatal 
descent of the testis. However, the capacity of fetal organs to respond 
to available hormones deserves additional investigation. 

2. In certain species, hypophyseal gonadotropins and androgen in- 
fluence normal, puberal descent. 

3. It appears that estrogen does not favor normal descent. 

4. If, in man, “unilateralty undescended testes" descend spontane- 
ously several years after birth, the question arises as to how hormones 
(equally distributed to both sides of the body) could influence the 
prenatal descent of one testis and not of the other. 

5. It is unlikely that the gubernaculum puUs the testis into the 


scrotum. 

6. It is questionable whether the gubernaculum penetrates the ex- 
ternal spermatic fascia and attaches to the scrotum. 

7. The inguinal cone probably has little or no influence upon descent 
of the human testis. 

8 Factors causing the formation of the inguinal bursae (Klaatseh) 


are unkno^vn. 

Addendum.— After submitting the manuscript for publication, K. E. Wyndiiam's 
t'cle concerning the morphologic aspects of descent has been published (J. Anat. 

179 18S 1943). There is presented a series of twenty-three gubernacnisr 
ments Trom observations in preparations stained ivith hematoxylin and 
measure ' that the gubernaculum contains striated and unstriated muscle 
cosiu.itisrep measuring 6 to 12 cm. (crown-rump), it is said that the 

fibers. In P traced to the scrotum. Yet Wjrudham docs not refute 

gubernaculum other investigators that in the newborn infant the 
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gixljeriuiculum lies exclusiveh' within the inguinal bnrsa (as illustrated in B. H. 
Hunter’s Fig. 65; Brit. J. Surg. 14: 125-130, 1926). 

Concerning hormonal phases of the problem, nexi'born infants exhibiting female 
pseudohermaphroditism are of interest. This is because of the evidence which 
they may furnish as to whether human fetal organs can respond to androgenic 
hormones (regardless of their source) and whether in man the fetal cortex of the 
adrenal produces such hormones. A recent discus.«ion of these questions is avail- 
able in an article by T. E. Bratnid (“Congenital Hyperplasia of the Adrenals,” 
Thesis, University of Alinnesota Library, ilay, 1943). 
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SURGERY 


he observed Ihc siitmltaneoiis occurrence of licrmapliroditism (includ- 
ing 1 le piesencc of the “liroad ligament”) and crj’ptorchidism. But 
ci-yptoreliidism is not always associated with hermaphroditism. In- 
deed, in the most extreme case of hermaphroditism recorded among 
niammals (Wep, IDSTa), the mesometrium (infraprimate homologue 
of the broad ligament-) failed to prevent the experimental induction 
of descent by in.ieclion.s of chorionic gonadotropin; it is of general 
interest that in response to these injections, the ovotestes of one and 
the same animal produced ova, corpora lutea, and spermatozoa. 

The (theoretical) contraction of skeletal muscle in the inguinal cone 
has limited application. This is because the cone, although a promi- 
nent structure in rodents, is not well developed in human fetuses. 

It becomes increasing!}^ evident that the gubernaculum does not pull 
the testis into the scrotum. It may be I’ecalled that Forssner (1928) 
vehemently denies the presence of smooth muscle in the gubernaculum. 
The view that retrogressive shrinkage of the gubernaculum pulls the 
testis downward is open to a serious cidticism — the gubernaculum is 
not attached distally to an immovable structure. 


coxetiUsroNS 


1. Some observations suggest that in man hormones (chorionic gon- 
adotropin and androgenic substances) are related to normal, prenatal 
descent of the testis. However, the capacity of fetal organs to respond 
to available hormones deserves additional investigation. 

2. In certain species, hypophyseal gonadotropins and androgen in- 
fluence normal, puberal descent. 

3. It appears that estrogen does not favor normal descent. 

4. If, in man, ‘‘unilaterally undescended testes” descend spontane- 
ously several years after birth, the question arises as to how hormones 
(equally distributed to both sides of the body) could influence the 
prenatal descent of one testis and not of the other. 

5. It is unlikely that the gubernaculum pulls the testis into the 


scrotum. 

6. It is questionable whether the gubernaculum penetrates the ex- 
ternal spermatic fascia and attaches to the scrotum. 

7. The inguinal cone probably has little or no influence upon descent 
of the human testis. 

8 Factors causing the formation of the inguinal bursae (Klaatsch) 


are unkno'wn. 

AdPENDUU.— After submitting the manuscript for publication. If. E. Wyndham's 
f'ele concerning the morphologic aspects of descent has been published (J. Anat. 
77 - 179-188 ISIS)- There is presented a series of tTventy-three gubornaonlar 
' ^ t j'rom observations in preparations stained ivith hemntoxj-lin and 
measuremen . gubernaculum contains striated and unstriated mnsclo 

eosin, it is repor ^p,^guri^g G to 13 cm. (croivn-rump), it is said that the 

fibers. In sp traced to the scrotum. Yet W.nid)mra docs not rofiifo 

gubernaculum other investigators that in the newborn infant the 
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REPORT OF THE ANNUAL MEETING OP THE AMERICAN 
SURGICAL ASSOCIATION, MAY 13 AND 14, 

1943. CINCINNATI, OHIO 

J. Dewey Bisgard, M.D., Omaha, Neb. 

pEESIDENTIAL address, Vernon C. David, Chicago. — From a historical review 
^ of the influence of wars on medical education there was evolved a discussion of 
the influences of tlie current war and tlie problems imposed by it upon medical 
education, both present and future. The accelerated program, the reduction of 
faculty personnel, and the curtailment of postgraduate training and of research 
is likely to result in some qualitative reducation of medical education. 

It is imparative to formulate a comprehensive plan to provide postgraduate 
training for those who entered the service before completion of such training. 

Closer cooperation and more overlapping of the clinical and fundamental de- 
partments in medical education should he encouraged. The present high standard 
of qualification for a degree in medicine and especiall.v for certification by spe- 
cialty boards should be maintained. 

Experimental and Clinical Studies on the Effects of Pedicle Grafts of Jejunum 
in the Wall of the Stomach on Gastric Secretion, WilUam DeW. Andrus, Jere W. 
Ixird, Jr. (b.v invitation), and Paul Stefko, Xew York. — In animals, small (4 bv 
G cm.) segments of jejunum with circulation intact implanted in the wall of the 
.stomach caused a reversal of the normal reaction to histamine as reflected botli 
in the gastric analysis and in direct measurements of the pH of tiie gastric 
muco.sa. Tills inhibitory effect was also evident when alcohol was used as the 
.secretory stimulus. A study of the effects of grafts from different portions of the 
inte.stinal tract indicated that the .substance responsible was confined to the jejunum 
and duodenum where it could be demonstrated in washings of isolated loops. 

Such grafts were efficacious in preventing and curing e.vperimental ulcers in 
animals. 

This operation has been done in four refractory cases of peptic ulcer with 
alterations of gastric secretions as in the animals and with symptomatic relief 
in three. 

G.astric and Duodenal Ulcers in the Naval Personnel, Waltman Walters, Captain 
M.C., U.S.N.E., and Hugh B. Butt (by invitation), Lieutenant, JI.C., U.S.K.R.— 
Medical management for patients with ulcer on active duty .aboard ship is difficult 
and frequently impossihle. 

Hypersecretion and hyperpcristalsis are a part of seasickness, lienee Naval 
pcr.iomiel with chronic iliiodenal ulcers who de.sire to remain in the service are 
host operated upon, the operation of choice being partial gastrectomv. Ninetv 
I'or cent of patients with ]>cplic ulcers Imve had these ulcers before entering the 
.“ervice and oO per cent of these become invalided in tlie service. The interesting 
problem nrisc.s, can a man bo returned to active d.,fv after a rc'-cction of tl.c 

Rtonirit'li. " 
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n-fv t gastric resection was done, eleven of the 

svl o m ’"'it '» •*«<’'''« ‘l«ty and all are getting along without 

■ > P ns. Lighly-Jivo per cent of the operations performed for peptic ulcer in 
1110 naval service have been rescclions of tlie Polya ^ype. 

In the discussion IL. H. Dragstedt, Chicago, stated that ino.st experimental and 
clinical evidence indicated that hyperacidity is the. principal cause of ulcer and 
tliat some liormono as histamine may be the exciting factor. He referred to his 
exporiments in which ulcers developed in pedicle grafts of jejunum in the wall 
of the stomach of dogs and was unable to rationalize his results with those re- 
ported just previously. J. S. Horsley, Richmond, Va., saw little cause for ditfer- 
enco in the physiologic response to the pcdical graft of jejunum and the estab- 
lished gastrojejunostomy. 


Physiological Problems in Surgery of the Pancreas, Lester B. Dragstedt, Ohi- 
c.igo. ^It is probable that both man and the lower animals may survive and main- 
tain a good nutritive state following total duodenectomy provided the free flow 
of pancreatic juice and bile into the upper intestine is not prevented. Complete 
removal of the pancreas produces a permanent impairment but one which can be 
fairly adoquatel5' controlled with insulin and Jipocaic. The necessity for insulin 
and lipocaic following ligation of the pancreatic ducts depends upon the degree 
to which the atrophy of the pancreas affects the islet tissue. The digestive dis- 
turbance produced by the absence of pancreatic juice from the intestine can be 
only partially corrected by replacement therapy. 

Depanoreatized dogs survive for long periods of time with insulin only if sup- 
plemented b}' feedings of pancreatic tissue. Fifty per cent of the dogs in which 
the pancreatic ducts iiave been ligated develop fatty livers, probably from the 
deficiency of lipocaic. There is evidence that lipocaic is a hormone derived from 
the alpha cells of the islets. 


A. O. Whipple, New York, during the discussion, stressed the desirability of 
preserving the external secretion of the pancreas in delivering the secretions into 
the proximal small bowel. This he has accomplished in his last seven cases of 
pancreatoduodenectomy. In two cases the pancreatic fistula was subsequently 
transplanted to the jejunum and in three the exposed pancreatic duet in the cut 
surface of the pancreas was anastomosed to the side of the jejunum. Some pa- 
tients deprived of pancreatic juice show reduction of fat tolerance. 

In two cases, eighteen months and three years after resection of the duodenum 
and partial resection of the pancreas with ligation of the pancreatic duct, the 
liver showed no abnormal deposition of fat. 

A. Brunschwig, Chicago, reported one case in which almost the entire pancreas 
was removed with a benign tumor and no diabetes developed. Necropsy examina- 
tion of two cases five and five and one-half months after pancreatoduodenectomy 
with ligation of the pancreatic duct showed survival of much of the acinous tissue 
as well as islet tissue. 

B B. Cattell, Boston, reported seven eases of resection in which tlio pancreatic 
duct'wM anastomosed to the jejunum with a necrosing suture as used by Coffee 
in nreterocolic anastomosis. 

The Eecognition and Management of Acute Trauma to the Pancreas With Par- 

, reference to the Use of the Senim Amylase Test, Howard A. NaSziger, 

^ a H J McCorkle (bv invitation), San Franci.sco.— Wlien tlie abdomen is in- 
and B. • pancreas may be wounded. Injury to the pancreas also 

jured, . ' orations on the stomach, dnodcnum, pancreas, or spleen. The 

may occur a o ^ sucji cases has made possible a more accurnfe 

use of the serum a ;> Serial determinations of the serum amylase also 

diagnosis of pancreatic injury. 
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give some indication tliat the enzyme is continuing to leak from the wounded 
pancreas. This test for .serum amylase has been useful in the recognition and in 
the management of acute injuries to the pancreas. 

.Studies in seven cases of traumatic injury of the pancreas were reported show- 
ing the early rise in serum amylase. In two cases of partial resection of the 
pancreas there was also early rise and a prompt fall with cessation of fistulous 
drainage. 

Skin Kemoval in the Radical Breast Amputation, J. Stewart Eodman, Phila- 
delphia. — Recent papers from large clinics admit 25 per cent or more local or skin 
recurrences. It is believed that such a high percentage of local recurrences are 
unnecessary and indicate insufScient skin removal. 

Reported were 132 personal' cases in which the Rodman operation was used; 
there were 61 per cent of five-year cures. Only 2.2 per cent developed local re- 
currences. Primary closure of the wound without skin grafting was possible in 
all cases. 

In the discus.sion, D. Guthrie, Sayre, Pa., stated that local recurrences in the 
skin occurred often without remote matastases and for this reason should be 
excised. 

S. Harrington, Rochester, llinn., stated that the t 3 'pe of incision should depend 
upon the location of the tumor in the breast. A tumor in the superior lateral 
quadrant is adequatelj- skirted by a very different incision than one in the upper 
mesial quadrant. G. J. Heuer, New York, presented evidence in support of the 
wide excision of skin in the Halsted operation and the use of grafts to close 
defects when necessarj-. W, C. White, New York, stated that the frequency of 
local recurrences depends upon the t.vpe of cases included in one’s report. Local 
recurrences arc much more frequent in advanced cases encountered in charity 
institutions than in earlier cases as seen in private practice. 


Amputations in. War, Norman T. Kirk, Brigadier General, kl.C., V. S, Army. — 
The guillotine or flapless t.vpe amputation is the amputation of choice, the sim- 
plest, quickest, and easiest method of amputation on a badlj' shocked or criticalh- 
ill patient, for the removal of a liopelessh' destror-ed extremitj’ and as a life- 
saving measure when amputation is indicated in the presence of infection such 
as gas gangrene, a septic joint, or an uncontrolled osteomj-elitis. 

Skin traction following amputation either bv- the use of zinc oxide adhesive 
plaster or stockinet with Acc Adherent is essential after surgen-. Healing, if 
infection has not been too severe in this tj-pc stump, will be almost complete at 
the end of six weeks. 

Primarj- closure of war wounds is a dangerous procedure. Experience in World 
War II lias shown that where primarv suture of wounds is attempted or where 
wounds are tightl.v packed, thej- soon became grosslr- infected. 

A guillotine amputation is a two-stage amputation. The repair of the guillo- 
tine stump may be classified as a plastic closure, plastic resection when bone 
shorlening is necessary, or reamputation when the stump is too long or too short. 


Surgical Principles Opposed to Kulc-of-Thumh in the Treatment of Compound 
Practuccs, Clay Ray Murray, New York.-There is a great deal of invc.stigative 
work being earned out at the present time on the treatment of compound frac- 
tures. Many of the conclusions voiced are obtained by punch-card analvscs'of 
the cftccls of single factors in the treatment of the case groups. This is modne 
tivc of actuarial .statistics wliich may determine nccurately the percentage chance 
a patient lias under the routine u.=e of a given procedure, but which run the risk 
of being of doubtful value as enterin for the treatment of any individual case 
Moreoier, their adoption as n basis for a routine procedure mav lead to violation 
of known and accepted surgical principles in the individual case. 
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Jh « series of thirlccn coses in which gastric resection was done, eleven of the 

t “'V ••'“‘'■'•c <l»ty and all arc getting along without 

• J p oms. Lighty-five per cent of the operations performed for peptic nicer in 
nto naval service iiavo been resections of tlie Polya type. 

In the discussion L. E. Dragstedt, Chicago, stated that most experimental and 
clinical evidence indicated that hyperacidity is tlie. principal cause of ulcer and 
tlmt some hormone as histamine may be the exciting factor. He referred to his 
experiments in which ulcers developed in pedicle grafts of jejunum in the wall 
of the stomach of dogs and was unable to rationalize his results with those re- 
ported just previously. J. S. Horsley, Eichmond, Va., saw little cause for dilfer- 
enco in the plo'siologic response to the pedical graft of jejunum and the estab- 
lished gastrojojunostomj'. 


Physiological Problems in Surgery of the Pancreas, Hester E. Dragstedt, Chi- 
cago. ^It is probable that both man and the lower animals may survive and main- 
tain a good nutritive state following total duodenectom3' provided the free flow 
of pancreatic juice and bile into the upper intestine is not prevented. Complete 
removal of the pancreas produces a permanent impairment but one which can be 
fairlj" ndequatclj' controlled with insulin and lipocaic. The necessity' for insulin 
and lipocaic following ligation of the pancreatic ducts depends upon the degree 
to which the atrophy of the pancreas affects the islet tissue. The digestive dis- 
turbance produced by the absence of pancreatic juice from the intestine can be 
only partially corrected bj- replacement therapy. 

Depancreatized dogs survive for long periods of time with insulin onlj- if sup- 
plemented bj’ feedings of pancreatic tissue. Pift.v per cent of the dogs in which 
the pancreatic ducts Imve been ligated develop fatty livers, probably from the 
deficiency of lipocaic. There is evidence that lipocaic is a hormone derived from 
the alpha cells of the islets. 


A. O. Whipple, Hew York, during the discussion, stressed the desirability of 
preserving the external secretion of the pancreas in delivering the secretions into 
the proximal small bowel. This he has accomplished in his last seven cases of 
pancreatoduodenectomy. In two cases the pancreatic fistula was subsequeutl.v 
transplanted to the jejunum and in three the e.xposed pancreatic duct in the cut 
surface of the pancreas was anastomosed to the side of the jejunum. Some pa- 
tients deprived of pancreatic juice show reduction of fat tolerance. 

In two cases, eighteen montlis and tliree j-ears after resection of the duodenum 
and partial resection of the pancreas with ligation of the pancreatic duct, the 
liver showed no abnormal deposition of fat. 


A. Brunschwig, Cliicago, reported one case in whicii almost the entire pancreas 
was removed with a benign tumor and no diabetes developed. Necropsj' examina- 
tion of two cases five and five and one-half months after pancreatoduodenecloniy 
with ligation of the pancreatic duct showed survival of much of the acinous tissue 
as well as islet tissue. 


B B. Cattell, Boston, reported seven eases of resection in wliich the pancreatic 
duct' was anastomosed to the jejunum with a necrosing suture as used by Coirce 
in ureterocolic anastomosis. 


TUP Eecoenition and Maiagement of Acute Trauma to the Pancreas With Par- 
Reference to tbe Use of the Serum Amylase Test, Howard A. NaSziger, 
1 IT T McCorkle (bv invitation), San Praneisco.— When the abdomen is in- 
and n- a. pancreas may he wounded. Injury to the pancreas also 

jured, ations on the stomaeJi, duodenum, pancreas, or .spleen. The 

may occur dun ^ guch eases has made po.s.sible a more iiccnrnte 

use of the serum amy s Serial determinations of the serum amylase also 

diagnosis of pancreatic injurj. 
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empliapii'.ed the necessity of remo\'ing necrotic tissue to permit intimate contact 
of the peroxide to the tissues. 

The Parenteral Administration of Pliiids During the Operation and the Imme- 
diate Postoperative Period in the light of Additional Knowledge of the Effects 
of Surgical Anesthesia (Ether, Cyclopropane, and Avertin), Upon Eenal Punction 
in Man, Prederick A. CoUer, Carl A. Moyer (by invitation), Kenneth N. Camp- 
bell (l>y invitation), and Vincent L. Eees (by invitation), Ann Arbor, Mich. — 
With etlier anesthesia renal blood flow iiicreat^es or remains relatively unchanged 
provided that blood pressure does not fall significantly either as a result of blood 
loss or deep anesthesia. 

'liie rate of glomerular filtration (inulin clearance) decreases under ether anes- 
thesia excepting when renal blood flow is increased. 

Cyclopropane anesthesia is attended by a significant decrease in the rate of 
glomerular filtration although renal blood flow and blood pressure may be greatly- 
increased. The association of a loss of blood sufticient to induce a fall in blood 
pressure with cyclopropane anesthesia may be as.sociated with ‘ ‘ total renal failure. ' ’ 

The deration of the renal impairment as indicated by the decreased glomerular 
filtration rate and total urinary volume varies from a few hours to a week; it 
seems to depend somewhat upon the relative amount of blood lost and in patients 
losing little blood, upon the severity of the blood prc.ssure fall. 

Therefore, the maintenance of extracellular fluid volume and acid-base equi- 
librium during the operative and immediate postoperative period cannot be safely 
effected u-ith the simple repair solutions, or saline or Ringer’s solution, because 
their phy.siologic effectiveness depends upon selective e.xcretion by the kidney of 
the excess chloride ion. 

The parenteral administration of those fluids even in relatively small amounts 
during the period of renal impairment has been found to induce a fulminating 
and even fatal acidosis in some individuals. 


During the discussion, F. A. Coller, Ann .A.rbor, Mich., reported two patients 
who developed oliguria and chloride intoxication with retention of water and 
niaiked distention and prostration with an impending fatal outcome ns a result 
of the excessive administration of sodium chloride following operation. These 
Were cured by the administration of ."^odium lactate, withholding the fluids, and 
in one case an ileostomy. He recommends that no .sodium chloride be given in 
the fluids for the first two days following operation unless there has been an 
a]iprecinhle loss of chlorides in vomitus, a.spirated stomach content, or other mean.s. 
The retention of chlorides resulting from failure of filtration through the kidnev 
following anesthesia in operations may result in a d.ingerous chloride intoxication. 


A. Blalock, Baltimore, in the discussion, stated that this was a timelv warain<>- 
because there was a dangerous prevailing idea that .salt solution could be admim 
islered with impunity. 


Pilonidal Cysts and Sinuses, John. C. Burch, I.t. (.'ol.. .M.t'., r. s. A., Max Levdne 
.Major, S.X.C. (\,y invitation), Thomas E. Smith, t’aptiiin.’M.C, (l,v invit-ition i’ 
ami Prank C. Shute, Jr., faptaia, M.< ’.-.-iiiee .Ian. 1, m->, there have been Hq 
cases of pilonidal cysts in the Brooke (Jeiieral Hospital. Eightv-five per cent of 
the patients are completely hcale.I and on duty. In cases of pilonidal ovsts and 
simi-cs the pnddem of treatment has resolved around the question of closing the 
wound to o), tail, primary healing or leaving i, iu oTlZ jZ 

«.>. IS 111 wlinh the uociids were idosed. forly-eight were healed in eiol.r 1 ’ i 
remained healed withou, recurrence. Eleven were completelv heah 1 nnd 

four days. This was accomplished hy preoperative trentmeiit fo i e .to 
of .he sums in r,, ... 

ItcuuiotuMK iin,! till. \ ill * meticu* 

»ud the use of nonabsorbable sutures and postoperative pressure 
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nrnll fn.cti.re should he considered as parts of the same 

problem and every elTort made 1o prevent infection and the damage resulting 
trom intoction. Tins is aeeomplislied by removal of as niiicli contamination of 
the wound as possil.le, removal of dead and dei-italized tissue, obliteration of dead 
spaces, the closure of the wound without tension, and rest of the part. In addi- 
tion, the fracture must be reduced and maintained in reduction. Since there is 
no evidence that sulfonamide drugs cause harm in the wound and since there is 
evidence that they may limit if not prevent infection it is advi.snble to use them. 


F. L. Moloney, A’cw York, in the discussion, stated that an evaluation of 
methoth*! of treating wounds and comi>nuiid fractures could be attained only by 
analjzing a large group of cases under controlled conditions, and that some stand- 
ardij^ation ot treatment is necessary in a military surgery. 

Tie Medical Treatment of Acute Infectious Osteomyelitis, D. E. Eobertson, 
J oronto. Twcnty-/ive eases of acute infectious osteomj-elitis in children treated 
by sulfonamides and without the assistance of either splinting or surgical opera- 
tion during the acute phase were compared with those treated by sulfonamides 
plus earh' operation upon the lesion or abscess produced by the lesion. 

The results obtained in patients treated by sulfonamides without early opera- 
tion are veiy much better than those treated by other means. 

In the former group there was a mortality of I per cent as compared to a 
mortality of 20 per cent in those treated before the advent of the sulfonamides. 
These children were given S to 10 Qni. of sulfathiazole daily. 

The fact that the disease in the fir,st instance arises from an infection of a 
superficial tissue and becomes a septicemia and later again becomes a bone lesion, 
makes it rational to attack it early with a bacteriostatic drug that will prevent 
its wide dissemination via the blood stream, and its local invasion to form local 
lesions in bone. During the administration of sulfonamides it can be demon- 
strated that the individual’s protective reaction to the organism and its to.vin is 
not interfered with but carries on with increasing power in response to the anti- 
gen of the toxin. 

Some of the bone abscesses and subperiosteal abscesses disappeared spontane- 
ously. Others were aspirated, and some left alone discharged spontaneously. It is 
felt that the pathologic appearance of the involved bone had changed, that 
sequestra wei'e rarely formed, involucrum was much smaller in e.xtent, and that 
destruction of bone was much limited. 

K. Speed, Chicago, in the discussion, .agreed that operative interference should 
be delayed and the reliance placed in the sulfonamide drugs during the acute 
stage. He felt that there was an opportune time for the institution of drainage. 
Penicillin m.ay prove even more effective than the sulfonamide drugs. 


J. A. Key, St. Louis, expressed the belief that early drainage ivas often necessary 
and desirable in conjunction with the sulfonamide therapy. D. E. Eobertson, 
.Toronto, in closing, stated that he was now using sulfadiazine in these eases. 


Peroxide Ointments, Mont E. Eeid, and William A. Altemeier (by invitation), 
Cincinnati. — The value of peroxide therapy in certain types of infections is well 
established, but previous methods of application were not entirely satisfactory. 
V rious peroxides can be incorporated in a carbo-ivnx guaiacol base and applied 
%he wounds ns an ointment vei^y satisfactorily. These ointments have been 
** ' ed-bv the authors with the aid of Merrill and Company. 

eroxide has proved the best one to incorporate in an ointment for most 
Zinc p jjjjgjfites oxygen in contact with a wound over a period of five or 

purposes. single dressing. Urea peroxide liberates oxygen rapidly ami is 

niore.dajs, as . effective in early ticatment of I.ewitite burns, 

more- irritating, our - 

T h. Meleney, Hew York, stated that he had developed a 
In the „ peroxide and had found it .stable and .satisfactory. He 

similar ointment of I 
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unanestlietizod dog. Death occurred after an average of about 40 c.e. per kilo- 
gram had been removed. Tlie removed amount of blood in a single bleeding was 
less often fatal. 

Immediate replacement of the volume of lost blood by a 10 per cent solution 
of glucose did not alter the results. However, if the solution contained 5 per 
cent of glucose and 5 per cent of the amino-acids of hydrolyzed casein or beef 
scrum, the amount of blood which could be removed before death was increased 
to an average of 55 c.e. and the surv-ival time was prolonged b 3 ^ 40 per cent. A 
comparative study of the effect of immediate replacement with pure amino-acid 
solutions, serum, citrated plasma, and heparinized plasma, proved that the first 
three were no better than the hj'drolyzate. The heparinized plasma was the best 
of all, permitting leraoval of an avcr.age of 67 c.c. per kilogram before death and 
an increase in the survival time of 60 per cent. 

Microscopic observations of biops.v specimens of the liver indicated that the 
beneficial effect of the injections of hydrolyzed protein were probably due to the 
replenishment of hepatic protein, thus enabling the animal to withstand further 
loss of blood more effectively. 

There is much evidence that the citrate used in citrated plasma has a verj- 
to.xic and dole,terioiis effect; this explains the superior results obtained from 
heparinized pla.sma. 

In the discussion, L. R. Dragstedt, Chicago, questioned the statement that 
amino acids merelj- replace tis.sue proteins and that they could be converted to 
plasma. C. C. Lund, Boston, stressed the desirabilitj- of a substitute for plasma 
in situations in wliich sufficient plasma is not available or in which the cost makes 
its adequate use almost prohibitive. 


The Role of the Nervous System in the Production of Shock, Dallas B. Phem- 
Ister, Chicago. — To lower the blood pressure to shock levels bj- as purely a neuro- 
genic mechanism as possible, the cardio-aortic nerves of the rabbit and the carotid 
sinus nerves of the dog were stimulated electrically under anesthesia. Mainte- 
nance of the blood pressure at or below the threshold .shock level of 70 mm. of 
merenrv by continuous stimulation re,sulted in death of the animals in six to nine 
Iiours in a state of shock during the teiminal period. In control c.xperiments 
with onh' the nerve stimulus deleted, the aiiinial» lived up to twentj- hours in the 
case of rabbits and to thirtj'-fivo hours in the case of dogs. However, it was 
possible In- continuous stimulation to maintain blood pressure at low shock levels 
for three to five hour.s with remarkabh- little impairment of the circulation. Re- 
lease of the stimiilu.s in the cour.so of this period was followed promptlj- bv restor- 
ation of pre.ssure to the initial lc\el. bleeding was also well tolerated, and blood 
changes were verj- slight. 

AVhen the animal was fir.st bled rcpcntedlj- until an impending or actual state 
of shock was reached, stimulation started then would cause a further drop in 
blood pressure and eoiitiiiuation of it uould hasten death. However, lo.ss of quan- 
tities of blood up to 15 per cent of the total blood volume made little difference. 

Exposure of somatic nerscs and sliimilatioii by cutting, pinching, or stretching 
us imgU occur in accidental and war wounds, or stimulation by an electric cur- 
rent, yielded vnqving rc.sults on blood pre««iirc, from a slight rise to a slight fall 
under vnrj-ing experimental conditions. Houcser, under no circumstances was a 
marked and prolonged fall in blood pre«si,re produced in any way simulating 


As.'pfie .section of the sidiial cord of the dog at the seventh cervical vertcbr-i 
imder ev.pal anesihesi,, lasting about three fourths of an hour interrupted all 
asoiiiotor impulses from Idglier centers and lowered blood pressure to 70 mm or 
below where it remained for two to four days without the appearance of tC ; 
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dressings. In ninny of tl.ese cases the dead space n-as obliterated by an operative 
technique dosenbod by the author. This involved an incision through the gluteal 
fascia and muscle lateral to the sacrum, approximation of the mesial edges of 
each side rolling the flaps in over the sacrum and coccyx, and the approximation 
o tho lateral flaps to each other in the midlinc. The skin was approximated 
over this. 


In the discussion, H. B. Stone, Baltimore, emphasized the essential principals 
of cleaning up the infection preoperativcly, of complete removal of the sinus, of 
closing the wound to obliterate the dead space and without tension. 

H. F. Graham, Brooklyn, suggested that the sinus be sterilized by electrocoagu- 
lation ns a first stop in excision. J. M. Mason, Birmingham, stressed the point 
that such cases were seen infrequently in civilian practice. 


Prevention of Infection in Accidental Wounds and Bums, Frank L. Meleney, 
New York. — ^Under the au.spices of the national research council there has been 
carried out during the past year an extensive study on the propliylaxis of wound 
infection, in civilian accidental wounds, compound fractures, and burns. These 
observations have been made in nine different medical centers in this country. 

The bacteriologic aspects of the problem were carefully considered, including 
the primary and secondarj' contamination. The course of the wound healing was 
carefully observed. The data from the records were transferred to punch cards 
and statistically analyzed. A''arious forms of treatment have been used in order 
to determine, if possible, the role of the newer chemotherapeutic agents in the 
prevention and treatment of infection and the role of other factors. 

There were collected 6S2 cases with major injuries of the soft tissues, 471 com- 
pound fractures, and 347 burns. There was a slightly larger number of infections 
in cases in whicli the wounds were irrigated with salt solution and in those which 
were debrided. Also there was a slightly less incidence of infection in the com- 
pound fractures which were closed. 

The mortality from infection in these cases was extremely low. While the 
sulfonamides as they were used in this series almost certainly minimized septi- 
cemia and the generalized spread of infection, they did not lower the incidence 
of local infections. 

There was a slightly higher incidence of infection in those cases in which the 
sulfonamide drugs were used in the wounds. In burns the best results were ob- 
tained from the use of vaseline gauze and pressure dressings. The addition of 
sulfonamide drugs administered bj’ mouth and bj' topical application caused a 
slight reduction in the incidence of infection. 

E. Graham, St. Louis, discussed this project of the National Research Council 
stating that the precipitation of war at Pearl Harbor and observations made in 
respect to the use of sulfonamide drugs in the wounds following this attack aug- 
mented and accelerated the project. 


j S iHickwood, Philadelphia, stated that the use of the sulfonamide drugs was 
tustifie’d upon the evidence that they prevented widespread infection and lowered 
^ rtalitv irrespective of evidence of failure to minimize local infection. He 
™°oke of the favorable early reports upon the use of penicillin. 

T A Kev St Louis, believed that this study did not give a true picture of 
the brcteriostatic value of the sulfonamide drugs. His clinical observations had 


given 


a much more favorable picture. 


yen ^ — 

• study on the Use of Scrum, Plasma and Amino-Acids In tbc 

^ Experune vatal Shock Hue to Repeated Hemorriage, Boljcrt Elman, 

Replacement . invitation), St. Louis.— Fatal surgical shock was pro- 

and carl E- rapidly bleeding 10 c.c. per kilogram every hour in tho 

anced experimentally hy P 
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encourages infection, tlie ingrowfii of librolRasts, tlie necrosis of tissue, and re- 
tards epithelization and healing. 

Drinker produced thermal burns of l)otli paws of cats simultaneously and imme- 
diately applied a pressure dressing to one of them. There resulted no edema, no 
tissue necrosis, and a much more rapid healing than in the control paw which 
received no pressure dressing. The evidence at present favors the use of pressure 
dressings in the local treatment following aseptic means of handling the burned 
surfaces, the use of sulfonamide drugs in an effort to prevent infection, and the 
use of plasma in the liberal, indicated quantities to prevent and control burn 
shock. 

Early grafting of surfaces is indicated, grafting suitable parts of the areas 
between other areas in which necrotic ti.ssue is still present. Dressings should be 
infrequent and always carried out with the aseptic surgical technique used in the 
Operating room. 

Bovine Bone Gelatin as a Plasma Substitute in Hemorrhage and Bum-Shock, 
John S. Lockwood, W. M. Parkins (by invitation), C. E. Koop (by invitation), 
C. Eiegel (by invitation), and H. M. Vars (by invitation), Philadelphia. — A solu- 
tion of 6 per cent gelatin in .saline solution, with a colloid osmotic pressure higher 
than plasma, was investigated as a plasma substitute. 

Normal dogs tolerate repeated weekly infusions of amounts of gelatin-saline 
equivalent to 60 per cent of the circulating plasma volume without evidence of 
toxic reactions specific to the gelatin. Unfavorable reactions that do occur are 
reversible, and are produced by infusion of comj)arable amounts of saline or plasma. 

About no per cent of the gelatin is e.xcretcd in the urine within forty-eight hours 
and most of the remainder may be utilized as a form of available protein. 

Because of its capacity to maintain colloid osmotic pressure and blood volume, 
gelatin is superior to saline in compensating for blood loss in severe hemorrhage. 

Gelatin produces pscudoagglutination and more hemodilution than plasma. In 
experimental burns in animals it was much less effective in controlling burn shock 
than plasma. 

L. S. McBilttrick, Boston, briefly reviewed the obsen-ations made in the treatment 
of burned patients received at the Massachusetts General Hospital following the 
Cocoanut Grove disaster. Factors contributing most to the success were strict iso- 
lation, strict surgical aseptic dressings, boric acid ointment pressure dressings of the 
burned surfnce.s, infrequent dre.ssings, and sulfadiazine and penicillin administered 
orally or parentally. Many patients had severe injuries to the trachea as a result 
of irritating gases. Five required tracheotomy. It was the impression that possibh' 
errors in the treatment consisted of the administration of too much salt solution and 
morphine. 

S. L. Koch, Chicago, reviewed his principles of the hnndliug of burns, stressing 
the necessity of strict surgical asepsis. B. Elman, St. Louis, stressed the necessitv 
of maintaining nitrogen balance and the importance of the state of nutrition in the 
success of grafting. Grafts are less likely to take if the general nutrition is 
impaired. 

M. D. Morrow, M.C., U.S.N., described a method of taking grafts in which the 
full thicknc.'-s of skin is excised and the edges which remain arc brought together 
and sutured for primary healing. The e.\cised segment is then entirely freed of 
fat, and cut into from 100 to 200 small bits of skin which are placed on the 
granulating surface as pinch grafts. 

Improved Diagnosis and Treatment of Buptured Intervertebral Disks, Walter 
E. Dandy Bnllimore.— Ruptured lumbar intervertebral disks can always be dine, 
nosed without spinal injections of air or lipiodol or even without lumbar punc- 
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llio results of these cxporimenls indicate that in the absence of blood and 
Idnsnin loss, the blood pressure may bo lowered to shock levels for manv hours bv 
rellex nervous inhibition before a state of shock is created. Such lowe'rinff could 
0 pro( need onl.t by stimulation of special depressor nerve.s, and somatic nerves 
oidinary Hounds did not in consequence convoy vafferent impulses 
H lie I rosu ted in marked and prolonged lowcrinfj of blood pressure. Psychic in- 
uences created by pnin and disturbing .special sense impulses occasioned by a 
Hound niaj cause reflex lowering of blood pressure and .syncopy; when these are 
Superimposed on .shock produced by blood or plasma loss, it may be thereby ag- 
{,ra\atcd. Primary shock pioduccd exclusively through the nervous system wotdd 
appear to be a A’cry improbable occurrence. 

A Study of Traumatic Shock by the Use of Radioactive Plasma Proteins, Jacob 
J. Fine, Boston. Plasma proteins containing radioactive sulfur, bromine, and iodine 
Hero .synthesized for the determination of the degree to which capillary perme- 
ability i.s altered in traumatic .shock. Hemorrhagic, burn, and tourniquet shock 
were .studied. The evidence clearly contradicts the theory of a generalized in- 
crease in capillary permeability and widc.spread extravasciilar loss of plasma. 
Except in burn and tourniquet shock a local loss of plasma, as such is usually 
insignificant. While plasma lo.ss is the most significant initiating cause of shock, 
the irreversibility of the shock state is not due to a progressive decline in plasma 
volume, but rather, to a progressive deterioration of the peripheral circulatory 
mechanism, characterized by decreased volume flow and velocity flow through 
capillaries. The most important factor is the stagnation or trapping of blood in 
the capillaries. The evidence .suggests that this deterioration arises from a chem- 
ical or hormonal disturbance induced by damage to tissue function arising from 
the initial but uncorrected crucial loss of plasma volume and possibly from toxic 
agents elaborated in traumatized tissues. Treatment designed to move the trapped 
blood out of the capillaries into the normal moving volume of blood would con- 
tribute much to shock therapy. 

During the discus.sion, A. Blalock, Baltimore, stated that shock results from a 
combination of regional los.s of blood and pla.sma, neurogenic influenec.s, and meta- 
bolic or to.xic factor.s. The latter factor is a fruitful source in the search of 
further means of therapy. 


Nitrogen. Metabolism in Severe Bums, Charles 0. Lund, F. H. L. Taylor (b.v 
invitation), Stanley H. Levenson (by invitation), and Charles S. Davidson (by in- 
vitation), Boston. — On or before the fifth day of a severe bum, a period of severe 
anemia and hypoproteinemia begins. There is an e.veessive, measurable loss of 
nitrogen in the urine as well as losses of unknown amounts from the surface. The 
loss of nitrogenous substances is so great that intravenous plasma, albumin, and 
blood cannot possibly cope with it. Very high protein diets are indicated. Ano- 
rexia may interfere with the success of tlie.se. Jn some cases intrnvciioiis or oral 
administration of amino-acids is of vital iiiiporfance. In one severe ca.se with 
third degree burn of 50 per cent body area, nitrogen balance studies were made 
over a period of several weeks. There was a progressive rapid loss with a nega- 
fve balance resulting in extreme emaciation. Nitrogen balance was leachcd on- 
• take of 300 Gm. of protein (or equivalent) per day. R.apid improvement of 
condition followed, raising tlii.s intake to 300 Gm. This i.s equivalent to ten jimmds 

of meat per day. 


. - •notj.rmining the national Treatment of Thermal Burns, AUan O. Whip- 

Factor Tjiere is a delay in the liberation of thronihoplnstir xub^tiinre 

pie, Xew lor'. jjiprc is liberated a vasoconstrictor .substance with the in- 

in burned areas am capillaries in the immediately .surrounding areas 

crease in the pe™ca i . of the tissues in the Inirned area 

and au increased flow or . i • 
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topica] application of snlfonamides. He stated that these patients trere more 
likely to develop an encephalitis from an infection involving the ventricle than 
meningitis. 

Cerebral Concussion-Alterations in Cerebral Volume, Blood Content, and His- 
tological Changes After Experimental Injury by Acceleration of the Head, 
James C. White, John B. Brooks (by invitation), Joel C. Goldthwait (by invita- 
tion), and Ba 3 Tnond D. Adams (by invitation), Boston. — ^Determinations ■were 
made of brain volume, vascular congestion, and microscopic changes in cats after 
varying degrees of concussion. Concussion ivas produced by striking the cat in the 
occiput Tvith a heavy steel pendulum. At a striking speed of 34 feet per second, 
concussion (judged by changes in reflexes, respiration, and cardiac rate) was 
minimal, whereas at a speed of 48 feet per second occasional linear fractures 
and death without recovery of respiration might take place. Even in these 
fatalities there has been no evidence of laceration or gross contusion of the brain, 
although basilar hemorrhages have been present in a few of these cats. Whereas 
after decapitation and e.vsanguination the brain of the normal cat was from 30 
to 12 per cent smaller than its surrounding calvarium (differential index of brain 
volume), in the concussed animal this index might be reduced to between 8 and 
3 per cent. Although the actual degree of increase in volume of the exsanguinated 
brain amounted to a maximum of only 5 per cent, swelling has been uniformly 
present after concussion, and has varied directly with the observed severity of 
the concussion in a series of twenty cats. In animals sacrificed at van-ing periods 
after concussion the swelling began within fifteen minutes of the blow, reached 
its maximum at the end of twenty-four hours, and disappeared after seventy-two 
hours. Microscopic examination revealed many of the changes which have been 
regarded as indicative of cerebral edema, such as increase in size of pericellular 
and perivascular spaces, swelling of oligodendroglia, and formation of vacuolar 
spaces in the white matter. These histologic changes correlated fairly well with 
the degree of cerebral edema as determined by increased brain volume. 

It was their feeling that certain other factors, such as anoxia and h-v-per- 
capnoia secondary to respiratory obstruction or failure, or e-xtensive contusion of 
brain substance, are required to explain the elevated intracranial pressure which 
is often present in cases of severe cerebral injuries in man. 

In the discussion, T. Grant, Philadelpliia, stated that the sudden arrest of the 
head in motion was likely to cause greater damage to the brain. He sited the 
above work as evidence against the advis.ability of routine use of spinal puncture 
drainage in head injuries. 

The Thyrocardlac— A Eeview of Six Hundred and Thirty Cases, ErankH. Lahey 
and Lewis M. Hurxthal (by invitation), Boston. — Iteriewecl were the observations 
made on six Jmndred and thirty patients with thyrocardia. Tlie prophylactic removal 
of toxic adenomas before severe cardiac damage lias been produced was emphasized. 
If Die pulse rate and basal metabolic rate remain b.alanced, cardiac decompensatiou 
does not occur. Decompensation occurs in those cases in which pulse rate docs 
not increase proportionately with the basal metabolic rate or in wluch tlie pulse rate 
is cxcc.ssive in relation to it. Cyclopropane anesthesia has induced ventricular 
fibrillatioB. The best anesthesia appears to ho induction with ethylene followed 
b.v ether in these cases. Quinidine i.s unnecessary in the treatment of fibrillation 
The mortality in this group hn.s shown a progrc.'^.sivo decline with the vears. 

B. S. Dlnsmore, Cleveland, in the discussion, expressed his preference for 
avertin foundation nncstliesia .supplemented with gas or local infiltration He 
also stated that in elites with fibrillntion it was desirable to adniini.ster digit.alis 
preoiicratively and that quinidine should be given if fibrillation continued bevoiid 
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hires. AlniosI all are at citlicr the fourth or fifth tumhar nisc. Ninety-five 
per cent of patient.s u-itli loiv back pain amt .sciatica Iiavo herniated discs; 2 per 
cent are due to spoiidyloli.stliosis, 1 per cent to tumors and 2 per cent to con- 
Kcnitnl dofornnfie.s of the vertetirae. Anteroposterior and lateral films of the 
lumbar spine are necessary to rule out those lesions. Eeported were the results 
of operations for herniated discs in 50G cases with only 14 recurrences of symp- 
toms. In 300 cases durinpr the last two years there was no failure to obtain relief 
and no recurrences. 

rhero are protruding discs and very small (concealed) discs. Both give .pre- 
cisely the same symptoms. The latter will not show in spinal injections of lipiodol 
and they are one-half the total number. 

Bocalization can usually be made at operation by the increased mobility of the 
joint determined by pushing the spinous processes. 

The entire disc is removed by curettement in order to prevent recurrence. 

Spinal fusions are unnecessary and undesirable. Opening and curetting the 
joint between the articular surfaces promotes fusion. 

During the discussion, G. Horrax, Boston, stated his opinion that pneumospinal 
mylography w.as indicated in doubtful cases and that the examination of the 
spinal fluid was more or less routinely indicated. 

J. A. Key, St. Louis, stated that many cases with a disc syndrome were 
relieved by nonoporative management and that operation should not be done until 
the patient asks for it. He questioned that fusion ever resulted from a laminec- 
tomy and believed that spinal fusion was frequently indicated as a supplementary 
procedure. 

War Wounds of the Central Nervous System, W. M. Craig, Captain, M.C., 
U.S.N.B. — The recognition and treatment of shock, the use of the sulfonamides, 
the improved transportation of the wounded have almost revolutionized the treat- 
ment of wounds of the central nervous system. Transfusions of blood, plasma, 
and albumin administered in sufficient quantities to combat shock have made pos- 
sible the transportation of patients over long distances. The emergency treatment 
of open head wounds consisting of shaving the scalp, arrest of hemorrhage, and 
local application of sulfanilamide has allowed for an interval before reparative 
surgery is imperative of from thirty-six to forty-eight hours. These two factors 
have not only lowered the mortality and reduced the incidence of infection but 
have changed the plan for the care of these cases. 

Wounds of the spinal cord still produce marked disability depending upon the 
severity of the lesion but the factor of infection has been moderated. Spinal 
shock caused by wounds of the contiguous structures have been noted and under 
proper treatment have shou-n a tendency to recovery in a large percentage of cases. 

The local application of sulfanilamide to wounds has made possible the earlier 
repair of injured nerves and does not interfere with nerve regeneration. While at 
the present time an end-to-end anastomosis is the operation of choice, use of 
nonabsorbable sutures, fibrin glue, and nerve grafts are being investigated. 

Peripheral vasoneuropathy;, or the so-called immersion foot, has been recognized 
as a disabling affection of the extremities occurring to men who have been adrift 
at sea. Degeneration of the peripheral nerves has been demonstrated in ampu- 
tated feet and legs associated w-ith pathologic changes in the veins and nrfcric.s. 

A W. Adson, Bochestcr, Minn., in the discussion, emphasized the value of 
oxygen, plasma and whole blood transfusion, and chemotherapy in the treatment 

of these cases. 

Goeffrey Jefferson, London, Eng., discu.s.sed penetrating wounds of the brain; 
the use of suction to remove foreign material and damaged lis.suo, followed by the 
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topical application of sulfonamides. He stated that tliese patients ivere more 
likely to develop an encephalitis from an infection invohnng the ventricle than 
meningitis, 

Cerehral Concussion-Alterations in Cerebral Volume, Blood Content, and His- 
tological Changes After' Experimental Injury hy Acceleration of the Head, 
James C. 'White, John E. Brooks (by invitation), Joel C. Goldthwait (by invita- 
tion), and Raymond D. Adams (by invitation), Boston. — Determinations -were 
made of brain volume, vascular congestion, and microscopic changes in cats after 
varying degrees of concussion. Concussion vas produced by striking the cat in the 
occiput vith a heavy steel pendulum. At a striking speed of 34 feet per second, 
concussion (judged by changes in reflexes, respiration, and cardiac rate) was 
minimal, whereas at a speed of 48 feet per second occasional linear fractures 
and death without recoverj- of respiration might take place. Even in these 
fatalities there has been no evidence of laceration or gross contusion of the brain, 
although basilar hemorrhages have been present in a few of these cats. Whereas 
after decapitation and exsanguination the brain of the normal cat was from 10 
to 12 per cent smaller than its surrounding calvarium (differential index of brain 
volume), in the concussed animal this index might be reduced to between S and 
5 per cent. Although the actual degree of increase in volume of the exsanguinated 
brain amounted to a maximum of onl 3 ' o per cent, swelling has been uniformlj- 
present after concussion, and has varied directly with the observed severity of 
the concussion in a series of twenty cats. In animals sacrificed at varj'ing periods 
after concussion the swelling began within fifteen minutes of the blow, reached 
its maximum at the end of twentj'-four hours, and disappeared after seventy-two 
hours. Microscopic examination revealed many of the changes which have been 
regarded as indicative of cerebral edema, such as increase in size of pericellular 
and perivascular spaces, swelling of oligodendroglia, and formation of vacuolar 
spaces in the white matter. These histologic changes correlated fairly weU 'with 
the degree of cerebral edema as determined by increased brain volume. 

It was their feeling that certain other factors, such as anoxia and hyper- 
capnoia secondaij- to respiratory obstruction or failure, or extensive contusion of 
brain substance, are required to explain the elevated intracranial pressure which 
is often present in cases of severe cerebral injuries in man. 

In the discussion, B. Grant, Philadelphia, stated that the sudden arrest of the 
head in motion was likely to cause greater damage to the brain. He sited the 
above work as evidence against the advisability of routine use of spinal puncture 
drainage in head injuries. 


The Thyrocardiac — ^A Review of Six Hundred and Thirty Cases, Prank H. Lahey, 
and Lewis M. Htirxthal (by invitation), Boston. — Reviewed were the observations 
made on six hundred and thirty patients with tlij-rocardia. The prophylactic removal 
of toxic adenomas before severe cardiac damage has been produced was emphasized. 
If the pulse rate and basal metabolic rate remain balanced, cardiac decompensation 
does not occur. Decompensation occurs in those cases in which pulse rate does 
not increase proportionate!}- with the basal metabolic rate or in which the pulse rate 
is excessive in relation to it. Cyclopropane anesthesia has induced ventricular 
fibrillation. The best anesthesia appears to be induction with ethylene followed 
by ether in these cases. Quinidine is unnecessan- in the treatment of fibrillation 
The mortality in this group has shown a progressive decline with the years. 

K. S. Din^ore, Cleveland, in the discussion, expressed his preference fn,- 
averlin foundation anesthesia supplemented with gas or local infiltration TT 
also stated that in cases with fibrillation it was dcLable tradiSterr^ita? 
preopcratiie} and that quinidine should be given if fibrillation continued^^voml 
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tl)o seventh iiostopemtive day. He also slated that about 20 per cent of the toxic 
cases liad at sonio fiine fibrillntod and that on admission to the clinic 4 per cent 
were decompensated and 5 per cent flbrillated. 

Experiences of *i Surgical Consultant to a Service Command, Bradley L. Coley, 
Coh, M.C., IT. S. Army. The activities of a surgical consultant to a service com- 
mand ■U’ere reviewed. 

Ihe high order of surgery found in most of these hospitals is due to the pro- 
\i.sion of highly trained personnel, excellent equipment, well-developed surgical 
teamwork and supervision by well-qualified chiefs of surgical service. 

J he need for a form of educational program, i.e., postgraduate medical edu- 
cation adapted to Army conditions is recognized and some of the measures tahen 
to fill this need were discussed. 

Grover C. Penberthy, Detroit, during the discus.sion, stated that no previous 
armj' had ever received as high quality of medical service and care as the present 
armed forces. Ho summarized the numerous ways in which efforts were being 
made constantlj’ to improve the service. 


Note regarding the article entitled “The Therapy of Shock in Experimental 
Animals With Serum Protein Solutions. II. Fate in the Body of Concentrated 
and Dilute Serum and Saline Solutions’ ’ by E. E. Muirhead, M.D., C. T. Ashworth, 
M.D., L. A. Kregel, M.D., and J. M. Hill, M.D., Dallas, Texas. Since tliis paper 
was submitted for publication, the effects of concentrated plasma on the pla.sma 
volume of dogs in the state of severe freezing shock has been once more tested. 
In this new group of ten dogs the plasma volume determinations for the control 
period, shock period, and post-therapeutic period were conducted in accordance 
with the technique recently presented by Longmire and Price (Price, P. B., Long- 
mire, W. P. : Use of T-1824 in Plasma A’'olunie Determinations, Bull. Johns Hop- 
kins Hosp. 71: 51-83, 1942) i.e., the dye solution was weighed, all injections were 
made under vision, all samples were corrected for hemoglobin staining using the 
540 mm. and G20 ram. filters, and the disappearance curves were established on 
semilogarithmic paper. The reinjection dye level was established by subtracting 
the preinjection level rather than resetting the colorimeter at 100. In all of these 
experiments the pla.snia volume increment was far greater than the volume of 
.solution injected, indicating a shift of fluids into the blood stream. The amount 
of plasma protein increment accounted for 86.7 per cent of the total amount of 
protein injected, indicating a post-therapeutic loss of 13.3 per cent of the injected 
protein. This feature was not unexpected in view of the over two times greater 
area of local capillary damage (frozen site) as compared to the extent of capillary 
damage in the present experiments. 



Book Reviews 


Orthopedic Subjects (Jlihtarj ‘•urgical manual IV) Prepared and edited bj tlie 
Subcommittee on Orthopedic Surgei> of the Committee on Surgeij of the Division 
of Medical Sciences of the National Reseaich Council, George E Bennett, Chair 
man Philadelphia, 1912, AV B Saunders Company $3 

This \olume coiers foui sections titled as follons llnimited Fractures, Injuries 
to the Spinal Column, Compound Praetuies, and Osteoinjelitis 

It IS apparent that the book is not a pocket manual to be used for front line 
nork It deals nith nioie highlj specialired phases of orthopedic treatment and nas 
probablj meant to be used bj the surgeon who wants to familiarize himself in regaid 
to these phases of orthopedic care 

The sections are on the whole well done The section on ununited fiactures 
presents a rather limited new of the subject and lea\es much to be desired in the 
waj of handling of this impoitant problem in niilitarj practice Incidentalh, it is 
doubtful that ununited fractuies of the femoral neck desene ten pages in a lolume 
on niilitarj orthopedics 

Much of the chaptei on osteomjehtis is deleted to that problem as it lelates to 
children The author of the chapter states definite!.! that it was written for publica 
tion elsewhere and that he “retained the extensne consideration of acute hematog 
enous osteomjelitis, which might almost be classed as a disease of childhood and 
IS rarelj seen among adults, because (his is the foundation on which knoivledge 
of pjogenic infections in bone rests ” It coiers the subject well, out the problem 
of osteomjelitis of children is not one to concern nubtaij suigeons geneialh 

Numerous other condiitons aie not mentioned The lolume seems to lack much 
that would be of help to a militaii surgeon 

The book is well printed and the form seems excellent The illustrations are good 
although again it «eems that a much more complctel.i illustrated volume would be 
more i.iluable as a militari manual 


Principles and Practice of War Surgery. Bv J Trueta 
trations ht Louis, 194!, The C \ Mosbj Companj 


Pp 141, with 144 illus 
tOaO 


Trueta ’s surgical cxpeiicnco in combat /ones hm fulh qualified him to wiite on 
the principles of wai suigeri In this book lie oxpl uns m detail liis method of 
triatniont, sonictiiiies c died the ‘.losed pi istei tieitmcmt ol compound iniuncs” 
and discusses the ji ifhologa , b u teriologn , .ind jilijsiologit fund imcntals upon whiUi 
Ins iiicthod is bis,,] T|,o Pool. ,in,je,i ,nto two puts P itholor., of IVai 
W ownds and General Care of the W ounded, and Essenti ils of V ar Surgerr Wounds 

llic rein lining chijilers m P.irt I include a diseussioii of fundlimncl i 
infection, Uio nf ^ a. ^ iintntals '.udi a*? 

» , r ^ bnctorj i nnil tlicir to\irt« fhrouirJj tJjp r 
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tmnsruaion, and ancstlicsia in war time. Tlie autlior has carefully reviewed the 
present concept of these subjects and has cautiously selected the parts applicable 

0 war surgery as it must be practiced today. The author’s viewpoint is both 
piactica and basically sound. For students and surgeons entering upon war surgery 

as a now field this is a review of well-chosen principles which rhev might do well to 
memorize. 

The opening chapter of Part IX, The Essentials of Treatment and Organization, 
IS particularly valuable to physicians and .surgeons on the home front as well as in 
combat areas. A veteran surgeon of the Spanish Civil War and of the air raids over 
England, Truota advises a radical departure from the "static system of assistance 
with a distant emergency hospital — the casualt}- clearing station’’ as developed 
during It orld War I, to the "Three-Point Forward System’’ based, not upon dis- 
tances in miles, but upon the time factor. He statc.s, "The main basis of success is 
to have the w’ounded patient on the operating table at the earliest possible moment. 
This is the only factor that counts, and is the objective at which the whole organ- 
ization should aim.’’ Brief plans of organization for the care of air raid victims 
and front line casualties are included. 

The chapter on antiseptics gives a rational and conservative evaluation of their 
usefulness and concludes ivith an interesting discussion on the value of soap as an 
antiseptic as well as a detergent. In his discussion on chemotherapj', Tmeta empha- 
.sizes the limitations of the sulfonamides when used locally or systemically. Local 
implantation of these drugs in selected wounds is grudgingly approved. 

A lucid description of the technique of excision of wounds is given and accom- 
panied by informative illustrations. The general conception of drainage is dis- 
cussed; in addition, the author explains the employment of the plaster splint in 
contact with the gauze dressing in the W’ound to absorb and draw out the wound 
secretions. 


Trueta advises the reduction and lixation of fractures by means of traction, 
applied simultaneously with the plaster. In cases of oblique or comminuted frac- 
tures which may not be well retained by this method, he advocates transfi-xion of 
the fragments above and below' with Kirscliner wires or Sfeinmann pins and in- 
corporation of these in plaster to maintain traction. 

Of special interest are the chapters on immobilization and the application of 
plaster, in which the author explains the advantages and reasons for complete im- 
mobilization in plaster and describes the technique of mahing and applying both 
bandages and patterns of plaster. The latter is very well illustrated. 

Primary and secondary sutures, skin grafting of war wounds, articular wounds 
and amputations are reviewed briefly. Under the heading of regional surgery, 
seventy-seven pages are devoted to the details of the author’s method for the care 
of fractures of the extremities, which is graphically illustrated. 


The chapter on burns (fourteen pages long) is an unfortunate anticlimax to an 
otherwise e.xcellent contribution to the treatment of war injuries. It lacks the thor- 
oughness and careful detail with which all other subjects arc treated. The author 
presents a modifleation of the tannic acid method of treatment wliich, in the opinion , 
of most surgeons, has been superseded by better methods. The discussion is almost 
entirely limited to burns of the hands. Although he properly emphasizes the im- 
t nee of splinting the hand tiiroughout treatment in the best functional position, 
h°'^fdls to make clear the methods of dre.s.sing and redressing in such casc.s. 

^ t ’s book like his work, is a real con/rilmtion to surgery and that part of 
w rf devoted to conserving the lives and limb- of its victims. Kfudenls and 
the war e o ^ treatment of compound fractures will find it both interest- 

surgeons concernc o-rafeful for the numerous practicid and vahinblo proec- 

jug and helpful and wiw ne „ 

dures presented. 
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Original Communications 

A CONSIDERATION OF THE PRESENT STATUS OF THE 
SHOCK PROBLEM 

“Problems ok Shocks’’ 

Alfred Bl.axock, il.D., Baltimore, Md. 

(From the Department of Surgery of the .Johns Tlophins University and Bospitnl) 

A RENEWED interest in shock is ahvaj-s manifested in time of war. 

It M'as during the Civil War that ilitchell, Morehouse, and Keen 
made observations which resulted in the imblication of a paper uduch 
formed the basis for the vasomotor exliaustion theory of shock, tlie Si’s! 
of a numimr of theories in which tlie role of the neiwous system was 
stressed. It was during the World War I that the first vigorous attacks 
on the pathogenesis of shock wei-e made. IMost of this u-ork led to the 
formulation of the to.xemia theory of shock, and the observations of 
Cannon, Bayliss, and Keith were outstanding. All of the u-ork did not 
point in the same direction, as evidenced by the demonstration by Mann 
that traumatic shock cannot be produced by traumatization alone M'ith- 
out opening of the abdomen, without the inducing of hemorrhage, or 
without injury to the medullary centers. It was during the first World 
War that the use of stored whole blood n-as suggested and employed on 
a small scale by Robertson, and that tlie use of blood plasma ivas suo-- 
gested by Gordon P, Ward. A feiv cases of crush injuries and blast in- 
juries M'crc reported at this time, but the significance of these was not 
appreciated. It was shortly after this war that Hooker made his 
experimental observations on blast injuries and that Cannon wrote 
bis book on Traumatic SliucJ.- ivhich. though somewhat out of date re- 
mains probably the best monograph on the subject. 

The theory of traumatic to-xemia remained essentially unchalleuo-ed 
for a number of years after the ivar, and it ivas then that several 

M.wra'’lS- fniT’ doUverea at tho University of Minne.<>ota. 

Hi-rvivi-il for luibllratlon. May 10. 1913. 
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O).sei\oi.s, ’ using iiiodifieafioiis of melhods wiiieli had been emplo.ved 
I pointed oi!( ihe inipoj’tanf influence that (he regional loss of 
fluid fioni (he blood stream may exert in the caiisalion of traumatic 
shock, liieso obsei'val ion.s, which removed some of (lie obscurities re- 
garding sliock, encouraged surgeons to administer larger quantities of 
blood in the treatment of the injured. Blood banks were established in 
many hospitals. The use of blood plnsma on a modest scale was intro- 
duced in a mnnbcr of places. It was then (hat Elliott, Bond and Wright, 
Mahoney, Strumia, Levinson and others made their contributions, and 
the employment of plasma or sei'um oji a larger scale I’esulted. Improve- 
ments in methods lor pi'oeessing plasma were being developed con- 
currently. 

The theory which stressed (he regional loss of blood and plasma as an 
important agent in the causation of traumatic shock gained many sup- 
porters during the fi^^e years preceding the j^resent war, but has never 
been accorded the almost universal approval wiiieli the toxemia theoiy 
received after the last war. Credit is due Virgil Sloon and John Seudder 
for continued interest in, and support and advancement of, the toxemia 
theory. At the same time, O’Shaugnessy and Slome and others re- 
assessed the part played b}' the nervous system in traumatic shock and 
stated that it was an important one. Disagreements as to the patlio- 
genesis of shock ivere livel.r but good-humored. In our enthusiasm for a 
particular method, few seemed to realize that the pathogenesis of all 
types of shock maj’- not be the same. 

This was, in binef, the state of atfairs at tlie beginning of (he present 
war, since which time rigorous attacks on the problems have been 
initiated by many investigators. The studies may he divided roughly 
into two groups; those on pathogenesis and those on therapy. Im- 
portant advances have alread.y been made, and it is likel 3 " tliat even 
more significant contributions will be forthcoming. From the viewpoint 
of the immediate war effort, the greatest accomplishment has been the 
collection and distribution of large quantities of blood substitutes. 

No effort will be made to list the numerous contributions of those worlc- 
ing in this field. An attempt will be made to ijidicate the general trend 
of the work both before and since the onset of war, and suggestions as 
to future problems will be offered. 


THEORIES 

Jfanv theories regarding the cause or causes of shock have been ad- 
ced' If the term shock referred only to the traumatic typo or types 
situation would be complicated enough, hut if becomes utterly con- 
when shock is used to designate a variety of conditions, many of 

t t have no relation to one another. As Frank Mann and others have 
which ha^e problem of .<<hncl- hut rather problems 

of shocks. 


1 CO often, n is wn « - ■ 

One of the most encouraging features of the work of the past 
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Iwo years lias been a gi'owing appreciation by investigators of the fact 
that there are many causes of sliock and tliat the mechanism of the pro- 
duction of all types of shock is not the same. A descriptive phrase 
should always accompany the use of the Avord shock, such as shock due 
to hemorrhage, shock due to burns, shock due to crush injuries, shock 
due to blast, shock accompanj’ing infectious diseases, shock due to 
peritonitis, and so on. If the use of the term shock is restricted to 
failure of the circulation which accompanies trauma, there Avill still be 
confusion. For example, the mechanism of failure of the circulation 
folloAving blast injury to the lungs is probablj' widely different from the 
mechanism of failure v'hich results from a burn of a lai'ge surface of the 
body or from gross trauma to the extremities. 

Speaking only of traumatic shock and admitting that there are excep- 
tions, we may state that it is rather generally agreed that traumatic 
shock is usually due to either (1) regional loss of fluid, (2) toxemia, 
(3) nerve impulses, or (4) various combinations of these. These causes 
are placed in what I consider to be their order of importance, not in a 
case chosen at random but in the majority of cases. Furthermore, some 
instances of shock are due to other causes. For example, fat embolism 
is undoubtedh’ responsiljle for an occasional case of sliock which folloivs 
trauma. 

EXPERBIF.XTAL JIETHODS FOR PRODUCIXG SHOCK* 


It would seem obvious that one should attempt to reproduce in the 
experimental animal a condition which is as closely analogous as possible 
to that which is encountered in an injured person. It is surprising, how- 
ever, to note how often the experimental method has no apparent rela- 
tion to traumatic shock as seen in man. Until recently, one could state 
that there is no proved relation beUveen traumatic shock as observed 
in the human being and in animals. The brilliantly conceived and 
executed clinical studies of Cournand^ and his eo-Avorkei’s at BeUeAUie 
and Preslij'terian Hospitals haA^e demonstrated that the eirculatorA- 
system of man responds to trauma in a manner similar to that of the 
dog. This Avork alloAA’s one to speak Avitli greater assurance regarding- 
the value of experimental observations on this subject. 


A constructive step in experimental studies AA’ould result from the 
placing of most of the emphasis on a fcAv techniques for producino- shock 
in each of Avhieh an effort is made to cause a state of shock AA'ldch can 
be reproduced Arith predictable morbidity and mortality. It mi^ht ap- 
pear that tins would be ca.sy to accomplish, Imt such is not the ease. 
There is Avide individual Amriation in the tolerance of animals of the 
same species, even more pronounced in different species, to trauma as 
“ I'cmorrhage. A recent personal experience has impressed upon 

for ..ome of the 
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ol).sei\c2s, ' using- inoclificiitiona of jnediocis Aviiich had been employed 
previously, pointed out the important influence that tlie regional loss of 
fluid I'loin the blood stream may exert in the causation of tJ-anmafic 
slioelv. riiese obsei-vat ions, Avhieh removed some of the obscurities ro- 
gaiding shock, encouraged surgeons to administer larger quantities of 
blood in the treatment of the injured. Blood banks -ivere establislied in 
many hospitals. The use of blood plasma on a modest scale was intro- 
dueed in a number of places. It was then that Elliott, Bond and ^Yright, 
Jlahoney, Strumia, Levinson and othei-s made their contributions, and 
the employment of plasma or serum on a larger scale resulted. Improve- 
ments iji methods for 121'ocessing plasma ■were being developed con- 
currently. 

The theory which stressed the regional loss of blood and plasma as an 
important agent in the causation of traumatic shock gained many snp- 
poi'tcrs during the five yeai's preceding the jji'csent wai‘, but has never 
been accorded the almost univei-sal approval ■\viiich the toxemia tlieorj- 
received after the last wai-. Credit is due Virgil kloon and John Scnclder 
for continued interest in, ajid sujjport and advancement of, the to.xemia 
theory. At the same time, O’Shaugnessy and Slome and others re- 
assessed the part played by the nervous system in ti-aumatic shock and 
stated that it was an important one. Disagreements as to the patlio- 
gejiesis of shock were livel3’ but good-humored. In our enthusiasm for a 
particular method, few seemed to realize that the pathogenesis of all 
t.vpes of shock ma.r not be the same. 

This was, in brief, the state of affairs at the beginning of the present 
war, since which time vigorous attacks on the problems have been 
initiated bj' nianj’' investigators. TJie studies ma.v be divided roughly 
into t'vs'O groups: those on pathogenesis and those on therap.A'. Im- 
portant advances have already been made, and it is likelj* that oven 
more significant contributions will be forthcoming. From the viewpoint 
of the immediate war effort, tlie greatest accomplishment lias been the 
collection and distribution of large quantities of blood substitutes. 

No effort will be made to list the nnmei-ons contributions of those worlc- 
hig in this field. An attempt will be made <0 indicate the general trend 
of the work botli before and since tJie onset of war, and suggestions as 
to future problems will be offered. 


THEORIES 

Blanv theories regarding the cause or causes of shock have been ad- 
vanced If the term shock referred only to the traumatic type or types 
fL situation would be complicated enough, but it beconms utterly con- 
f when shock is used to designate a variety of eondition.s, many of 
1 hnvc no relation to one another. As Frank Vann and others have 

emphasized encouraging features of the work of the jiast 

of shocks. 'Jue uj. 
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previoush’ normal animal restrained on its back will usually result in 
death in several days. 

Of the methods of producing^shock now being systematically employed, 
the following seem to reproduce most eloselj* the conditions encountered 
bj^ the Armed Forces: (1) hemorrhage uncomplicated by gross trauma; 
(2) burns; (3) trauma to large masses of muscle; and (4) the re-estab- 
lishment of circulation in a damaged ischemic area. Past and present 
work has indicated that at least three factors should be considered in 
any study of experimental shock. The first of these is a reduction in 
volume of effective circulating hlood, usually due to regional loss of 
whole blood or plasma. The second is the elaboration of hypothetical 
toxic substances or the development of a metabolic derangement, local or 
general, which produces deleterious effects on the organism as a whole. 
The third is the role of the nervous system. Every experimental study 
of shock demands not only an awareness of these three factors but, as far 
as possible, a determination of their quantitative characteristics. 

In shock produced by anj' of the four methods enumerated, the initial 
phases are certainly associated with and probably dependent upon a re- 
duction in the volume of effective circulating blood. In any study of 
shock a failure to take this fact into consideration is bound to invalidate 
the significance of the results obtained. In studies which are undertaken 
to determine the value of therapeutic agents and in which the suiudval 
or mortality rates are equivocal, detei’minations of blood volume or 
cardiac output or both are imperative. 

Investigations have indicated that at some time in the development of 
irreversible shock there appear effects which may be ascribed either to 
toxic substances elaborated in areas of tissue damage or to a derange- 
ment of metabolism produced by circulation vdiich, either locally or 
generally, has been compromised over a long time. Although the evi- 
dence so far adduced bearing on this aspect of the sub.iect has been vague, 
it is worthy of serious and intensive study. Such study requires tlie 
efforts of persons adequately ti-aincd in the principles of enzyme 
chemistry and tissue metabolism who will work in collaboi-ation with 
investigatoi-s skilled in the techniques of producing shock experimentallv 
and knowing the methods of evaluating its cause and severity. 

Kegarding the role of the nervous sy.stem, previous work has shown 
that the central respiratory and cardiovascular mechanisms tend to re- 
tain their functional integrity until the irreversible stage of shock de- 
velops. On the other hand, apathy and otlier signs of failure of certain 
higher nciwous functions are commonly encountered in patients and 
rinancsthetized animals before the irreveimble stage develops. The 
theory that overaetivity of the sympathetic .system, especially the vaso- 
constrictor components, is an essential factor in bringing on .shock has 
not received confirmation. There remains the hypothesis that afferent 
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mo again the difficulties of this work. George Duncan and I had per- 
formed a large number of experiments in Avhich a mechanical cinslier 
was applied to a posterior extremity for five houi-s. Anesthesia was 
maintained, by the use of nembutal and morphine. The control as well 
as the experimental animals in which vai’ious forms of therapy ^rere 
tried were kept in place on the table for approximatelj’’ five hours after 
removal of the crusher. There were about forty control experiments 
and only one animal in tliis series survived. Kecently, what appeared 
to be a sliglrt alteration was made in the procedure beeause we were 
interested in following a therapeutic lead which was discovered else- 
where. The alterations in procedure consisted of using nembutal alone 
instead of nembutal and morphine, and in removing the animal from 
the table as soon as the crusher was taken off. A large proportion of 
these animals survived, and I believe it was due, in the main, to the fact 
that they di'ank Avater sooner and in larger quantities than was the 
ease in the eaidier studies. 

In this same connection, Staffoi’d Warren and his group in Eochester 
recently had an interesting expei-ience. Using a crusher teehnique 
similar to that mentioned in the last paragraph, they had a mortality 
rate greater than 90 per cent. It became necessary for them to move 
to other quarters, and it AA'as found there that most of the aniinals sur- 
viA^ed. It was noted that the room temperature in the new quarters aavis 
10 to 15 degrees loAver than it Avas in the original location. The tempera- 
ture of the room Avas then eleAmted and the mortalitj" rate rose to the 
original level. It is Warren’s impression that this difference in mor- 
tality rates is explainable on the basis of variation in environmental 
temperature. . 

These experiences are mentioned in order to emphasize the difficulties 
of this type of experimental Avork. Whether the injured anesthetized 
animal lives or dies maj^ be dependent upon some minor A'ariation in the 
procedure. Studies on mechanism present difficulties, but it is especially 
hazardous to attempt to CAmluate therapeutic procedures, the benefits of 
AA'hich are at best not very striking. 

There are man.A^ other points 2‘egai’ding experimental methods Avhich 
mioht be mentioned. Brief referonee Avill be made to onl.v a fcAv of 
them. Anesthesia should be no deeper than is nesessnry for the preven- 
tion of pain. If the blood pressure is obtained b.A' eanniilation of an 
arterv and the employment of a mereuiy manometer, sodium riti-atc 
hould not be used in the system. When the blood pi'e.ssui-e falls, .some of 
th citrate enters the blood vessels of the animal and death may result, 
nu ■ d fast pink is preferable unic.ss .studies ijiA'olA’ing dye dclcrmina- 
Chloiaz < carried out. Animals- .should not he restrained on their 
tioiis aie o jgjjgei. (han is neec-ssar.v. This is a A-er.v abnormal 

backs on c ^ ■ ip„„cd animal, and profound anesthetization of a 

position for a torn- 
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No attempt will be made to enumerate and describe all of the recent 
interesting- observations. Some of these ■\vill be mentioned in a con- 
sideration of individual types of injuries such as occur in connection 
■\vitli so-called blast or crush. Since there has been a great deal of 
interest recently in the effects of ischemia, tlie experimental M'ork of 
Koot and Slann^ -will be described. Interpretation of their findings may 
be open to question, but it maj”^ be observed that attempts were made to 
determine the respective roles of (1) toxic effects, (2) sensoiy impulses, 
and (3) local loss of fluid. They state: 

“The causation of tlie i-ubber band type of trauma was studied from 
three viewpoints: namely, as being due to (a) early toxic effects on the 
capillaries, (b) bomljardment of sensory impulses from tlie traumatized 
region, or (c) local loss of fluid into the damaged region. 

“a. Since large doses of histamine were necessary to cause death of the 
animal and also since histamine is removed rapidly from the blood stream 
of the rat, it would seem that histamine was not the causative faetor 
in this tjqie of shock. 

“No immediate capillary dilatation was seen to occur in the mesentery 
or hepatic capillaries when the rubber bands were released. When the 
loss of fluid was minimized by wrapping the legs tightly, the capillary 
bed did not differ from that of the normal control animal over a six- 
hour period of observation following the cutting of the bands. Thus, 
there was no positive evidence for the liberation of a toxic substance 
causing immediate capillary damage in this type of shock. 

“b. Section of the lumbar portion of the spinal cord with needling of 
the distal segment of the cord did not pi’olong the lives of the animals in 
the rubber band tjq)e of trauma and, therefore, the bombardment of 
sensory impulses from the traumatized region would seem to plaj- a 
minor role in the causation of the tyije of shock. 

“e. Wrapping the hind legs tightly with adhesive tape just before the 
rubber bands were cut, minimizing the local loss of fluid, did prevent 
the onset of shock as was confirmed by the normal respiratory rate, the 
normal capillary circulation, the general condition of the animal, and 
the normal results of hematocrit and red blood cell studies. 

“Temporary wrapping of the legs for one hour after the bands were 
cut was not of any benefit.’’ 


The results of these experiments support the thesis that there is not a 
general increase in capillary permeability in shock. The obsel■^-ations arc 
not in accord with those of a number of investigators who have presented 
evidence of the liberation of toxic products from an ischemic area or who 
attach great significance to the effects exerted by senson- imnulses snot, 
as Swingle. ' ^ 

A great deal ot work on the relative importance of regional loss of 
lluul and of nervous impulses in the genesis of traumatic slioek has been 
done h} 1). B. 1 hemister. Ilis views on the subject appear to me to be 



492 


SURGERY 


uiipiilses from traiiinolizcd tissue somehow produce shock or facilitate 
its dcvclopmeiil. No one has ever produced a prolonged state of shock 
suiiply by stimulation of afferent nerves. Although it cannot he denied 
that afferent impulses may he a factor in the genesis of shock, it does not 
seem likely that they are of major importance. Experiences with the 
use of spinal anesthesia in the treatment of injuries of the lower extremi- 
ties of man have not been encouraging. 


KECEXT EXPERIMENTAL WORK ON PATHOGENE.SIS 


It is my imiiression, and it is only an impression, that opjiosing schools 
of thought on the pathogenesis of shock are more nearly agreed at the 
present time than thej’ were several years ago. Most of those who main- 
tain that toxemia is the most important agent in the causation of trau- 
matic shock admit that there may be other factors, and the same state- 
ment holds true for those who have stressed the importance of regional 
loss of fluid. This admission is a very hopeful sign. 

The most remarkable shift of opinion has occurred in relation to the 
question of the permeability of the capillaries in shock. Previously, it 
was rather genei'ally believed that the permeability of the eapillai'ies 
throughout the liody is increased in the terminal stages of traumatic 
shock, and many maintained that general capillary permeability is in- 
creased over normal in the early stages. The observations of a number 
of investigators, including Gregersen and Root, Fine, Gibson and Evans, 
E. I. Evans, Chambers, and other-s, indicate that there is not a general 
increase in permeability even in the fairly advanced stages. The follow- 
ing quotation is from a recent paper by Fine and Scligman'' : ‘ ‘ While 
the integrity of the capillaries may be impaired in the late shock phase, 
there is no evidence of a significant loss of plasma into tissues in un- 
treated fatal shock following hemoiThage. Hence, an increase in capil- 
lary permeability is not a factor in the fatal issue. The phenomena 
which are set in motion by the initial critical loss in circulating plasma 
volume and which lead to death do not require that a progressive decline 
in plasma volume take place. Plasma loss into tis.sues thci’eforc is not 
a crucial factor in hemorrhagic shock.” Gibson and Evans, Fine and 


others, using radioactive substances, have obtained evidence that there 
is trapping of the red blood cells in shock. Even though 1 have been 
amon" those who have stressed the importance of a local inerca.se in 
capillary permeability as contrasted ivilh a general increase, it is diffi- 
cult to accept without re.servations the finding that there is not a general 
increase in capillary permeability in flic late stages of slioek.'’ It is to 
be hoped that the recent observations arc correct for they make for a 
nL’e hopeful outlook in therapy. 

tliori- I.*! no Rinoral In rnpllIniT iiinnonliait)' 

♦Even if if niilti’ llkoly lli.it i:i-iicrnl |p:iltii>,'<! iiiny i.criir In tli'' Int'’ 

• nnlrSifed -ihoSV,- ^ i.« r.'ilseh by the liitinvonoui a'lnilniiti.itlon of (lulrli.. 

TtaKes if me capiileu Pre - 
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on the respiration of living tissue. Tiieir preliminary observations in- 
dicate that sodium succinate is helpful in the treatment of experimental 
shock. Further studies of this nature are in order. An attack on the 
metabolic disturbances in shock Avould appear to be partieulaily hopeful 
and important. 

PRODROMAL SIGNS OF SHOCK 

It is well known bj' those ivho are interested in this subject that the 
the blood volmne and cardiac output are usually diminished in traiunatic 
shock before the arterial blood pressure declines significantly. Vasocon- 
striction can maintain an essentially normal arterial pressure for a 
fairly prolonged period when there is onl}’ a moderate decrease in the 
blood volume. When the arterial pressure declines in traumatic shock 
to the so-called critical le%’el ( approximate! 75 mm. of Hg), it is a sign 
of advanced rather than incipient shock. It is much easier to prevent 
shock than it is to treat successfully the fullj’ developed eondition, and 
hence it would be highly desirable to have an earlj' invariable criterion 
of shock which can be easily detected. It is unlikel}" that this hope will 
be realized, for there are few disorders in medicine in which a uniform 
early sign which is diagnostic is found. Nevertheless, work on prodromal 
.signs is being continued. 

In the present state of our information on the subject, the best plan is 
to treat or to prevent shock according to the nature and severity of the 
injurj' and the blood loss rather than to delay treatment until there is a 
decline in arterial blood pressure. This is the opinion of Whitby and 
associates,® of Grant and Reeve,’® and of others who have examined a 
large number of -wounded men in the present war. A rising pulse rate 
is often a useful indication of developing shock, but peripheral circula- 
torj^ failure ma}' exist when the pulse rate is SO or less. A falling blood 
pressure is the best single index of progressing shock, but, as stated pre- 
viously, it is not an early sign of traumatic shock. In injuries such as 
burns, where the loss of fluid is restricted in the main to plasma, an in- 
crease in the concentration of the red blood cells may serve as a helpful 
early sign. With the exception of [)atients with burns and crush and 
blast injuries, early hemoconccntralion has not been the usual findino- in 
the present war. Frequent but not un\-arying signs include cold ex- 
tremities, sweating, thirst, pale mucous membranes, and diminished 
pulse volume. 

A number of factors influence the response of the body to injuries 
Inadequate food and water, chilling or excc.ssive heat, physical and 
emotional exhaustion deerea.se tlie tolerance to trauma. Under such 
circumstances it is particularly important to institute early treatment 

CLINICAL OBSURVATIONS 

During the present war there have been numerous obstacles to the 

making oi clinical observations on a large, scale. The nature of mobile 
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sound, and with his permission the foiloAving i^crsonal communication is 
quoted : 

hiom both clinical and ex2)ei'hnental studies I beliere that shock is 
rarely if c^'cr produced pi-imarily through the nervous system. IIow- 
e\ei, if blood or blood and plasma Joss as a result of trauma bring about 
a slate of circulatory eml)arrassnient, then a neurogenic lowering of 
blood pressui’c occurring simultaneously or afterward may still further 
lower blood pressure and be a secondary factor in importance in the 
Ijroduction of shock. Ps.vchic influences 2 >i'odueed by pain or by the 
sight of a sei'cre accident may cause fainting with a low blood pressure. 
But the reaction never lasts long enough to produce shock. The same 
is true of the fall in blood pressure in an abdominal operation in which 
there is no blood loss or obstruction of the return venous circulation, 
such as 2 >ortal vein or inferior vena cava obstruction. 

“Also marked lowering of blood ])ressui'e 2 ^i’odueed by the liurel.v 
neurogenic 23rocedure of stimulation of the carotid sinus or cardio-aortic 
nerves Jna.v be inaijitaincd ioi- three or four houi's without cvent'mg 
a state of shock. Belease of the stimulus is folio ived by a return of pres- 
sure to the previous level and the animal usually lives on as if there 
had been no stimulation. Also traumatic stimulation of large wounds 
on the extremities by manipulation and 23inehing does not cause a reflex 
fall in blood pressure. It is onl.v as the extremity swells from local 
blood and plasma accumulation that the blood 2 )ressnrc ma.v be lowered. 
Stimulation of a cardio-aortic or carotid sinus nerve, maintaining a very 
low pressui’e for six to eight houis does create a state of siioclc whieli 
results fatally. However, it is so im 2 Ji'ohable that these special vasode- 
pressor nerves would ever be stimulated in an accidental wound that 
the idea is scarcely worth.y of consideration.” 

Recent observations on metabolic changes in shock are of particular 
interest. Govier and Greer® noted an elevation of 25yruvate in dogs 
after hemorrliage. Significant clianges in amino acid and carboJi.vdrale 
metabolism have been found by Engel, Winton, and Long" in shoclv due 
to hemorrhage. It is suggested that the changes are due, “on the one 
hand to a decrease in liepatic function resulting from carl.v anoxia of 
the liver, and on tlie other to the effects of anoxia on the poifplicral 
tissues, causing an enhanced rate of protein breakdown and glucose 
utilization. In addition, the deficient oxygon supply results in an ac- 
cumulation of lactate and jyruvate in the blood and tissues.” The 
elevation of the amino acid nitrogen of tiie blood occurs only after the 
ressure has fallen to between S5 and 90 mm. of Ilg, and hence this al- 
f 'ation cannot serve as an early index of .shock. From the vicwj)oinf of 
r*. V the experiments of hlylon, 'Winteinitz, and de Siifo Xagy* arc 
t leiap , After having found that albumin is inferior to 

at eas sub.slilute, the.v injected .sodium siieeinalc, in comhiua- 

iflasma as a because of the recognized influence it cxcri.s 

tion nnth ouwi • ^ 
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These reports and some others Avhieh Avill not he mentioned present 
clinical evidence of the inij)orlant jjart which regional loss of blood and / 
flnid may plaj* in the development of shock. A question will be raised 
here which could probably be considered more appropriately imder 
burns. Do severe injuries usually cause a serious interference with the 
blood supply to the part (ischemia), and if so, does the ischemia result 
in damaging effects to the general circulatory S3'stem? Further infoima- 
tion on these points is needed. Severe injuries such as burns cause 
death of some tissues; structures well beneath a burned area probabh’ 
have an entirely adequate flow of blood. Further information is needed 
regarding the state of the circulation of the zone between the dcAntalized 
area and the essentiallj- normal one. It is likeh’^ that the flow of blood 
is considerablj^ reduced and tliis ma\" result in the passage into the circu- 
lation of toxic products. 

^ Burns . — There is little difference of opinion regarding the general 
treatment of patients with burns. It is agreed that enormous quantities 
of plasma may be lost from the circulation and that treatment should 1 
include the intravenous administi’ation of large amounts of plasma. 
Furthermore, the extent of the surface that is burned, the increase in the 
concentration of the red blood cells, and other definite measurements 
serve as good indices of the quantity of blood substitute that is needed. 
Elldnton, Wolff, and Lee^^ have obseiwed in patients that the loss of in- 
jected plasma is more rapid during the earlj- stages after the burn than 
it is subsequently. If the available supply of plasma is limited, an 
appreciable proportion of the total should be saved for the period of 
beginning twenty-four hours after the burn when the local leakage will 
have diminished. 

Ehoads and Lee and othei-s have found in patients that the use of 
tanning agents causes a I'eduction in loss of fluid from a burned area. 

It is likely that the same effect can be brought about bj’ the emploj-- 
ment of pressure dressings. One of the most interesting alterations in 
A'iewpoint in the present Avar has been the trend aAvaj-^ from the use of 
fanning agents in the local ti’eatment of burns. 

The tAA'o important problems in the treatment of burns are the restora- 
tion and maintenance of an adequate blood A-olume and the prevention 
of infection. It should be remembered that the Amlume of the blood sub- 
stitute as Avcll as its inntein content is important. If concentrated 
albumin is used in treatment in the early period after a burn, preferablv 
it should be diluted Avith or administered simultaneously AA-ith normal 
salt solution. A Augorous effort should be made to maintain adequate 
urinary output. It is very helpful if the patient can retain fluids Avhich 
are taken by mouth. In any case hcmoconccntmtion is usuallv replaced 
by anemia and hypoprotcineinia four to six days after a severe Inirn 
niicl tiic iiijcflion oC whole hlood is then iiulictited. 
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warfare is sueli that one cannot predict willi any degree of certainty the 
localities in whicli injuries will be encountered. Distances are great 
and the transportation of appai'atus presents difficulties. 

A number of obstacles also have been encountered ni the study of 
shock in the civilian population iji this conntiy. Preventive measures 
sueli as the use of whole blood and 2 >lasma have reduced greatly the in- 
cidence of shock in association with accidents and operations. Because 
of resti’ictions on the use of the auto 2 nobile and a loirering of the speed 
limit, the number of accidents has decreased very decidedly. Studies 
on the injured in defense industries have not apjoeared advisable because 
they might result in a little delaj' in carrying out therapeutic procedures. 
A reduction in the personjiel of the professional staffs of most institu- 
tions has increased routine duties for those who z’emain and there is 
little time for such investigations. 

Despite these obstacles, some progress has been made, and an outstand- 
ing example is the woi’k of the group at the Bellevue and Fresb 3 'ferian 
Hospitals in New York. Reference® has been znade to their careful 
studies on the cireulatorj- sj-stem of the injured man. 

No attempt ■will be made to discuss all t.vpes of injuries. Some of the 
important observations on multiple wounds of soft izarfs, burns, and 
crush and blast injuries will be discussed briefl 3 ^ 


M'ldtipJe Wounds of Soft Parts. — IvelOTick, Blai'riott, Maj’cock, and 
Whitby® made a careful studj- of twentj’-four patients who were severely 
injured. They stated that the decrease in the blood volume in these 
patients could be accounted for bj’- external loss and bj’^ extravasation 
into the injured area, and that there was no evidence to suggest loss of 


plasma in regions remote from a seat of injuiy. Thei-c are two imizortant 
facts that emerge from this study as well as fi'om the careful clinical re- 
port of Grant and Reeve. These facts were knomi alreadj' but they 
needed to be emphasized. The first of these is that a decline in blood 


pressure is a late rather than an earl.v sign of traumatic shock. All oi 
these investigators noted further that the cardinal sjnnptoms of shock 
may be present withorzt much hemoeoneentration or heniodilution and 
that the pulse rate is an unreliable indicator. Tt is emphasized that 
patients should be treated according to the nature and severity of in- 
jury and blood loss and that one should not wait for alterations in 
measurable functions of the circulation. The second point of importance 
is that enormous quantities of whole blood or pla.sma ma.y bo required 
for the successful treatment of those with scveic injurie.s. Blood pres- 
•e deteiminations are of value in estimating the re.sponse to irenUnent. 
and his associates state that, as a rule, a ri.se of JO to 20 mm. of 
*v can be anticipated for every 540 e.c. inns fused, if hhedmg 
mercur. ea„ses of loss of eireulatiug plasma are operat- 
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quantity by intravenous injection. If tetany is induced, calcium 
gluconate should be given intramuscularly. Potassium salts must not 
be used. Sodium sulphate (2 per cent) maj- also be injected in- 
ti’avenouslj^ in combination with the above measures to maintain urinary 
output. 

“2. With the kidneys thus protected, it is safe to restore the circula- 
tion by combating shock, if this is present. Plasma or seriun should be 
given, or, if there has been much hemorrhage, blood. A large quantitj- 
may have to be administered; So long as the arterial blood pressure 
remains low no harm need be feared. Saline is of no value. Over- 


heating the patient is dangerous.” 

This point of view is a very interesting one, and it 'would certainly 
seem that Bj^vaters is correct in his contention that diuresis should be 
stimulated. On the other hand, it would appear that impending shock 
should be treated eoneurrentlj' by the intravenous administration of 
blood plasma. 

Bla^t Injuries. — No attempt will be made to enumerate separately 
the findings of Hooker, of Zuekerman, of Denny-Bro-iwi, and of othei’s, 
but the recent paper by Williams'® will be reviewed in moderate detail. 
The pressure exerted by an exploding bomb may be tremendous. There 
are three components in the blast wave in air: (1) positive pressure 
wave acting directly on the chest and indirectly on the lungs through 
the diaphragm; (2) negative air suction wave; and (3) the mass move- 
ment of air or gas (windage factor). The mechanism of action of blast 
in tvaier is somewhat different in that, generally speaking, only the 
primarj' positive pressure wave is of importance. Blast at an equal 
distance is more dangerous in water than in air because the rate of fall 
in pressure is much more rapid in air. This statement has to be modified 
somewhat if air blast occurs in the vicinity of rigid objects such as the 
Avails of a building AA'hich Avill cause the pressure to be built up bA- 
reflection. Other parts of the body (abdominal contents, tAunpanie 
membranes, etc.) as Avell as the lungs may be injured by blast. Williams 
made the folloAA-ing statements concerning the mechanism of blast in 


Avatcr. ‘‘Noav consider the human body, AA-hich has roughly the same 
density as Avater. When the pressure AA-ave impinges on the body there 
Avill be no reflection, but the pulse Avill be transmitted through the tissues 
Avithout displacement, just as if the body Avere so much Avater. Hoaa-- 
ever, Avhen tlie transmitted pulse encounters an air eavit}* in the bodv 
e.g., the lungs, the same plienomenon aaiU occur as has been described 
above; that is, the static Avave of pressure aa'iII change into a Avave of 
kinetic energy in tlic layei-s of tissue lining that cavity and a disruptiA-e 
effect Avill occur. Hence it can be undeistood that the lungs and other 
gas-filled cavities in the body arc particularly su.secptible to daman-e from 

ini- 
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Cnis/i htjttrus.—A ffw instances oi cnisli injuries v.-eie obsen-ed in 
^^ar ]. but tlic condition seems to iiave escaped further atten- 
tion until tlie bcjiinninir of the ])re.sent eonflict. As a matter of fact, it 
nun -well be tliat llie importance of the condition has been over- 
empliasized since only about seventy-five eases have been described. The 
n.sijaJ .stor^ U’hich is "iven is that a pci’son is pinned by faifing debris. 
On discovery several hours after, the patient appeal's to be in ven* good 
condition, it only an extremity is pinned, and is released. Swelling of 
the extremit.v ensues and the patient may present evidences of shock. 
This condition usually responds promptly to adecjiiate intravenous 
therapy. The patient may be thought to be on the road to recovery 
when several days later oligemia, uremia, and death ensue. Death i.« 
believed to bo due to renal failure. 

A proper undei'sfanding of this condition has been retarded by the in- 
ability of investigators to reproduce the delayed renal failure experi- 
mentally. It would appear that the renal damage in man is due to some 
cause as yet unascertained, .such as associated disease or infection, or 
that man and dog differ in their re.sponse to ischemia superimposed on 
trauma. In my opinion the main value in the reports lies in the atten- 
tion which has been focused on the effects of ischemia, and particulai'l.v 
that which accompanies gross trauma. It would seem that it is in such 
conditions that one is most apt to be able to demonstrate toxic products. 
Furthermore, a renewed intei'est in I'enal function in shock has been 
stimulated. 

iSIany suggestions have been made i-egarding the treatment of patients 
ivith cnish injuries. Recent recommendations by B\nvatei's'' are as fol- 
lows: 


■‘The natural tendency under emergency conditions is to treat .shock 
first, then the local limb condition, and lastl.v the renal failure on or 
about the thii'd or fourth day, when signs of renal damage are obvious. 
Since it is possible that the i-enal damage oceni's soon after the re- 
establislmient of an adequate blood suppl.v to the damaged limb, these 
three aspects should he considered in the revei-se order. 


‘•' 1 . Anrple alkaline fluid (3 liters daily), by mouth prefei-ably. or by 
rectum, intramuscularly or inti'avenously, inust be given rapidly at the 
earliest possible moment, to produce an alkaline diuresis. If possible. 
this should be done while the patient is still trapped under the wj eekage. 
■^e favour for ingestion an alkaline fluid flavoured with citrus juice or 
Tiei'niint and glucose, containing sodium citrate and sodium bicaz-- 
9 fT of each to the ounce. Coffee or tea is also useful, and 
bona e, - ® ^ required. For inti-a venous injection, iso- 

inorp in ( 3 ,S per cent) or sodium lactate (M/6) should be 

tonic alkali should be given to make the urine alkaline: This 

used, rtnou- claily oi- more by mouth, or a Ics-cr 
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quantity by intravenous injection. If tetany is induced, ealciuni 
gluconate should be given intramuscularly. Potassium salts must not 
be used. Sodium sulphate (2 per cent) may also be injected in- 
travenouslj’- in combination with the above measures to maintain urinary 
output. 

“2. With the Iddneys thus protected, it is safe to restore the circula- 
tion by combating shock, if this is present. Plasma or senim should be 
given, or, if there has been much hemorrhage, blood. A large quantity 
masr have to be administered: So long as the arterial blood pressure 
remains low no harm need be feared. Saline is of no value. Over- 


heating the patient is dangerous. ’ ’ 

This point of view is a very interesting one, and it would certainly 
seem that Bywaters is correct in his contention that diuresis should be 
stimulated. On the other hand, it would appear that impending shock 
should be treated eoneurrently by the intravenous administration of 
blood plasma. 

Blast Injuries . — No attempt will be made to enumerate separatel3' 
the findings of Hooker, of Zuekerman, of Denn3'-BroB'n, and of others, 
but the recent paper by AVilliams'® will be reviewed in moderate detail. 
The pressure e.xerted by an exploding bomb may be tremendous. There 
are three components in the blast wave in air: ( 1 ) positive pi’essure 
wave acting direetl3' on the chest and indirect^v on the lungs through 
the diaphragm; ( 2 ) negative air suction Avave; and ( 3 ) the mass move- 
ment of air or gas (windage factor). The mechanism of action of blast 
in ivater is somewhat different in that, generall3’- speaking, onl3’' the 
primaiy positive pressure Avave is of importance. Blast at an equal 
distance is more dangerous in AA^ater than in air because the rate of fall 
in pressure is much more rapid in air. This statement has to l)e modified 
someAA'hat if air blast occurs in the vicinit3^ of rigid objects such as the 


Avails of a building Avhieh Avill cause the pressure to be built up by 
reflection. Otlier parts of the bodv' (abdominal contents, t 3 'mpanic 
membranes, etc.) as well as the lungs ma3' be injured b3^ blast. Williams 
made tlie folloAA'ing statements concerning the mechanism of blast in 


Avater. “Noav consider the human bod3-, AA’hich has roughl3- the same 
density as Avater. When the pressure AA-aA-e impinges on the body tliere 
Avill be no reflection, but the pulse aauII be tramsmitted through the tissues 
Avithoiil displacement, just as if the body AA-ere so much water. Hoaa-- 
ever, Avlien the transmitted pulse encounters an air eaA-ity in the body 
e.g., the lung,s, the same plienomenon Avill occur as has been described 
above; that is, the static AA-ave of pressure Avill change into a AA-ave of 
kinetic energy in the layei-s of tissue lining that caA'ity and a disruptive 
effect will occur. Hence it can be imdci'stood that the lungs and other 
ga.s-filled cavities in tlie body are particularly .snscoptible to dama'^e from 

111 ^^ 0 ^”"' 
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An oxcollcnt clisscrlalion on clinical innncrsion blast was presented in 
the issue of tlie United Slates Xaval l\Icdieal Bulletin for January, 1943. 
In confij'ination of previous observations, it Avas found that the seA'erity 
of swnptoins depended on the distance of the men from the source of 
the explosion and on tlieir position in the water, whether horizontal or 
perpendicular, Avhether facing the blast or with their backs turned. On 
physical examination abnorjnal chest signs were more often absent than 
present, but roentgenograms revealed in all but one case out of a total 
of tliirty-fivc slight to moderate areas of increased densitj* at one or 
Ijoth bases. Severe intraabdominal lesions Avere present in a number of 
cases. The XaA’al observers conclude that the lArincipal seat of trauma 
in atmospheric blast is in tlie thoracic caA-ity, AA-hereas the predominating 
injui'ics in immeision blast are abdominal. 

There is wide A-ariation in the earlj' signs and symptoms AA’hicli may 
folloAv blast injuries as illustrated Ij^a' the folloAA'ing example given hj" 
Williams. ‘‘SeA'en meii on board of one of H.jll. ships AA’ere in the 
A'ieiuitj' of a magazine hatch AA’hen the ship bleAV up. These men managed 
to reach shore, but one of them felt so ill that he was unable to stand 
and had to be carried by his comrades to shelter in a school, where the 
party turned in for the night. The sick man Avas horrified to wake the 
next morning and see the remaining six men Ij'ing Avith rather, blue 
faces and to be informed that they A\'cre all dead.” Zuckerman found 
that some animals Avere able to run about for some time after exposure 
to blast. 

In only four of 1,500 casualties mentioned by Williams Avere there in- 
ternal blast injuries Avithout external marks of A'iolence. Patients AA'ith 
blast injury of the lungs usuallj^ liaA-e pain in the chest, difficulty in 
breathing, and a grunting cough. The cough is at firet unproductive 
but later there is bloodstained sputum. iModerate cyanosis is usually 
obseiumd. Although the clinical picture of “blast abdomen” Amries 
greatly, there is usually abdominal pain, tenderness, and rigidity. 

A l umiTinTn suits lined AAuth rubber liaA'e been shoAATi to be effective 
in protecting against moderately scA-ere pressure AA-aves. They are, 
however, too expensive and eiunbei-some for general purposes. An in- 
flated rubber jacket affords some protection. It is important to protect 
the abdomen as Avell as the chest. As stated preAdoush-, men swimming 
on their backs at the time of a blast are less apt to he injured severely 
than are those in the opposite position. 

If shock results from the injuiy, it may be necessary to administer 
1 „ AinA this should be avoided if possible because pulmonar.A- edema, 

plasma, but tbAS si ^ increased. Blast ntjuries of the lungs should be 
if pres , . inhalation of high concentrations of o.x.v- 

treatea -Jatorv isolation. Most patients Avho arc suspected of hav- 

gen, and respi . . , recover without surgical intervonlion, 

ing blast injuries ot tnc 
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but all such patients should he followed closely for evidence of perfora- 
tion of holloM" organs or continued bleeding. 


^KE^'E^-TIO^’ AND TBEA'rUrjNT 


Although much remains to be learned about the pathogenesis and 
treatment of shock, the available information about most t3^pes is not 
meager. A good job has been done in disseminating information but the 
efforts need to be increased. Civilian as well as military authorities on 
the subject should \dsit the various Armj^ and Navj^ stations and should 
discuss the problems. There should be even more practice in the use of 
blood substitutes as contained in the Army and Navy packages. All 
medical officers should be thoroughlj^ familiar with methods for group- 
ing and matching blood. 

Crystallization of opinion regarding the effectiveness or noneffective- 
ness of several agents has resulted from recent work. The value of 
adrenal cortical extract has been investigated very thoroughly, and it j ^ 
is agreed by most of the workers that it is not effective in the treatment 
of shock. The possibilitj" remains that cortical extract may be help- 
ful several days after injuiy when “adrenal e.xhaustion ' ’ may have 
occurred. If the observations to the effect that capillarj^ permeability 
in traumatic shock is not increased are correct, then the theoretical rea- 
sons for the use of cortical extract are removed. 

Regarding the value of the inhalation of high concentrations of oxj'gen 
there is some difference of opinion, but most of the observers are agreed 
that the benefit is slight. The oxj'gen saturation of the arterial blood is 
normal in most instances of shock. Difficulties of transporting contaiu- 
ei-s of oxygen militate against the wide use of this agent of doubtful 
value. 


In the absence of intracranial injuries, pain should be mitigated bj" 
morphine. Patients who are in shock rarelj' complain of pain, and the 
administration of large dos es of morphine is a mist ake. It is m3' opinion 
that one should not give as much as ^4 gr. in a single dose even to the 
patient who is having pain. Morphine may cause nausea and vomitin"- 
which will further deplete the bod3' of fluids. Moreover, the respira'^ 
tions may be unduly depressed. It is probabbv better to give % gr of 
morplnne and to repeat this dose if nccessaiy. 

The head-down (shock) position is advisable for most patients with 
falhng or low blood pressure. This position is not indicated for those 
with chest injuries, pulmonaiy edema, and head injuries. 

It is fortunate that there is a growing appreciation of the dangers of 
the indiscriminate use of heat in the treatment of .shock.*‘ Too” much 
heat IS dangerous because it causes Joss _of fijiid t hrou g h .sw entum and* 
mhibits the nonnal vasoconstrictive defenses of the bodi'. Tim reduced 
blood volume in traumatic shock may be adequate to meet temnorarilv 
the requirements of the more vital structures such as the licarl' the 
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brain, and liic adronaJs, but may be imliroly inadeyiialc ii‘ vasoronstrie- 
(ion in llie cxlroinitics is roi)!accd by vasodilalaf ion as a result of the 
ap))li(!alion oi lieat. An effoi-f slioukl be made to conserve body heat in 
the injured ])erson wlio lias boon oximscd to cold, but such a person 
sliould be covered with blankets rather than ti'cated by .snri’ounding him 
with hot- water bottles. When the ]>alient has been placed in warm 
snrroundings and when the deficit in blood volume has been repaired 
by a])i)ropriate therapy, the temperature of the extremities will usually 
return gradually to normal. 

Since the major single cause of shock seems to be a decrease in the 
1 volume of the circulating blood, treatment is based on checking such 
I ' loss and rejfiacing body fluids by the best means at hand. Measures 
I which may be cfTcctive in tlie early stages may not result in sustained 
improvement at a later lime. 


I 

L 

/ 
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Hemorrhage should be controlled as quickly as possible, preferably 
either by ligating a bleeding vessel or by pressure. The use of a tourni- 
quet on an injured extremity should be avoided whenever possible. If 
it is unavoidable, several points should be borne in mind. The tourni- 
quet should be placed as low as possible on the limb. If a means for 
cooling the part distal to the tourniquet is available, this should be done 
in order to reduce the nuti'itional requirements and the production of 
metabolic end products. The temperature should not be lowered below 
50° F. or 10° C. If a limb is hopelessly mangled, a tourniquet should be 
applied just below the site of election for amputation and should be left 
in place until the exti’emity has been removed. 

Fluid administration, including tlie use of blood and blood substi- 
tues, is the single most effective means of treatment. Water should be 
given by mouth if not contraindicated and if tolerated. If water is not 
retained, hot tea or coffee should be tried. 

While salt and glucose solutions are excellent for the correction of 
dehydration, their use does not usuallj' result in sustained improvement 
ui the treatment of shock. The intravenous injection of large quantities 
of solutions of crystalloids in the presence of gross capillary damage maj’’ 


result in harmful’^^ rather than beneficial effects. 

The main reliance in pi'eventing and treating shock is the use of 
idequate quantities of whole blood, plasma, or albumin. Unless pul- 
monary edema is suspected, blood or a substitute may be given ^ rapidly 
as one pint of isotonic fluid in ten minutes. If the desired effect js not 
btained in fifteen minutes, (he dose should be repeated. Whole blood 
° nreferable to a substitute if there has been massive hemorrhage, but 
sma should be given in the meantime if delay is entailed in the use 

of . .j j of a blood substitute may he two uni(s of rceon- 

The nutia . equivalent, one unit (25 Gm.) of coneciitvalcd 

stituted plasma oi 
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albumin. Since a significant elevation in the blood pressure usually ac- 
companies the administration of a relatively small volume of con- 
centrated albumin, an effort should be made to attain as adequate 
hemostasis as possible before the albumin is given. Since the con- 
centrated albumin draws fluid from the tissue spaces into the blood 
stream, 'dehydrated patients should be given additional water and salt. 
When normal salt solution is available, tlie concentrated albumin may 
be diluted in the ratio of two iinits (50 Gm.) to a liter of the .salt solu- 
tion. It seems advisable not to give more than ten units of albumin in 
a forty-eight-hour period. 

Simple dehj’dration collapse in the absence of injuries is treated by 
cooling the patient and by giving salt solution by mouth. The fluid 
should be given intravenously if it cannot be taken bj^ mouth. As soon 
as sweating stops, one should proceed cautiously in efforts to reduce an 
elevated temperature. 

It would appear to be desiraljle to make some of these recommenda- 
tions more specific. Such a procedure is difficult, however, in view of 
the great variation in conditions of all kinds to wliieh the fighting forces 
are exposed. 

rXSOLVED PROBLEjAIS 

It is the opinion of some that little is Imown about shock and that 
the major problems are unsolved. Such persons must find it difficult 
to explain why traimiatie and postoperative shoelc are encountered so 
infrequentlj’- today in the civilian practice of surgery. As stated pre- 
viously, it is my contention that a great deal of useful information is 
availalfle at present. At the same time, there are many unsolved prob- 
lems, and a fcAV of them will be mentioned and discussed briefly. 

Pathogenesis . — 1. There is need for further search for and identifica- 
tion of a toxic factor or factors. It folloAA's that there should be efforts 
to find an antidepressor substance or substances. It is my opinion that 
this is the number one problem since the results of regional loss of fluid 
can be combated fairlj" effectively Ijy the use of blood and blood sub- 
stitutes. All such studies sliould take into account this loss of fluid. 
It should be emphasized that the important point is to identifA- the de- 
pressor substance or substances rather than simply to perform experi- 
ments the results of AA’liich suggest tliat toxic products are present 
Ilecent AA-ork seems to sIioaa- that the so-called to.xie substance inaA- be 
simply a disturbance in tissue metabolism. 

2. Tliere should be additional .studies on the nerAuus factors in Aurioua 
t.A-pes of shock. It Avould seem that the therapeutic implications Avhich 
might emanate from such studies Avoiild not be so great as those AA-hich 
might result from Avoi-k on depiv.ssor and antidepressor substances. The 
results A\hich liaA'e attended the blocking of the iierA-e supply of an in 
jured area liaA'e not been very encouraging. 
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3. riic recent, observations to the effect that there is not a general in- 
cicasc in capillary pei’ineability even in advanced shock should be con- 
fiimcd or denied. If it is fi-ue that red blood corpuscles are trapped, it 
should bo determined wlicre 1 hey arc 1 rapped. If chieflj’' red corpuscles 
arc trapped, where is the plasma? A particular effort should be made to 
determine whether tlic capacity of tlie venous .system is greatl}' increased. 

4. Ihe vole of ischemia in the causation of .shock should be further 
elucidated. Isclicmia of various organs as well as of skeletal muscle 
should bo studied. 

5. There is suggestive evidence that in some types of shock there is 
lo.ss of ability to rcstoi'e jjla.sma voIn?ne by withdrawal of fluid from the 
tissues. Further work on this subject should be undertaken. 

6. It is rather generall.^' agreed that the heart usually is not at fault 
in the genesis of early shock. The work of Wiggers and others sug- 
gests that its function may be impaired in later stages, i\Iore work 
should be done. 

7. Much remains to be learned about renal function in various types 
of shock. The cause of renal failure in some instances of crush injuries 
and burns should be determined. Fortunately, a number of competent 
investigators are working on this .subject. 

S. The terms reversible and irreversible are often used in designating 
the stages of shock. What oeeiu'S that changes the revei’siblc to the ir- 
reversible stage and what signs, if any, indicate this alteration? Some 
information on this subject is available but more is needed. 

9. Further studies on the effects of alterations in body temperature, 
local and general, in the pathogenesis of traumatic shock should be made. 
The effects of lowering the general body temperature in the presence of 
fever resulting from infection should be investigated. 

10. Very little is known about the influence wliicli infection, su])er- 
i?nposed on injuries, exerts in the pathogenesis of shock. This is a 
difficult problem to approach but information is urgently needed. 

11. There seems to be little doubt that fat embolism is responsible 
for an oeeasional case of shock. Further clinical observations should 
supply additional information on this .subject. 


PREVENTION AND TREATJIENT 

The following are a few of the many subjects on which additional 
information is needed : 

1 If blood is trapped, can a means be found for restoring- the trapped 
. sporesated blood to active circulation? If thei'c is an excess of blood 
the veins is thoi'C a mechanical means by which its )'elui’n to the heart 

canhefac' ■ < ■ hypertensin c.xert a beneficial effect in the 

2. Do su ‘ , ,pj preliminarj' observations of Ogden, Collins, 

treatment ot shock. 
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Dexter, Braun-ileneiidez, and others on hypcrtensin in this connection 
are interesting. 

3. Although it is agreed that adrenal cortical extract is not effective in 
the prevention or treatment of shock, except in adrenal insnfficieney, does 
the use of adrenal extract accomplish good several days or longer after 
injuries when adrenal “exhaustion” may have occurred? 

4. Should injured areas (burns, etc.) be cooled? If so, what degree of 
cold is optimal? A simple method for cooling an injured extremity, 
particularly one to which a tourniquet has l)een applied, is needed. This 
problem might appear to be an easy one, but actually under most con- 
ditions of warfare it is veiy difficult to cool a part by artificial means. 

5. What quantity of blood or blood substitute is needed and at what 
rate should the fluid be administered? It is obvious that the answei’s 
vary from case to case, depending upon the nature and severity of the 
inju^J^ The quantity required in the treatment of bums is relatively 
easy to determine, for it may be estimated from the extent of the burn 
or the increase in the concentration of the red blood corpuscles or hemo- 
globin content. The problem is not so simple in those injuries in which 
there is a loss of red blood cells as well as plasma. A r-apid uncompli- 
cated method for determining the blood volume or the state of hemo- 
concentration or hemodilution on the battlefield would be verj- helpful. 

6. Concentrated human albumin presents the advantages over liquid 
blood plasma of easier preservability and transportability, but is al- 
bumin as effective as plasma in the prevention and treatment of shock? 
Clinical experiences with albumin have been very gratifying, but some 
of the experimental work indicates that it is inferior to blood plasma. 
Further investigation of the subject is needed. 

7. How much blood or plasma in which sodium citrate is used as tlie 
anticoagulant may be given with safety in a short period of time? The 
recent work of Ivy and his associates”^ shows that there is a limit beyond 
which the citrate produces marked distuibances. 

8. Is it possible to obtain a fraction of animal plasma which is non- 
antigenic for man? iMeieh work is being carried out on this subject. 

9. Can the quantity of plasma that is necessary in the treatment of 
shock he reduced by tlie use of amino acid mixtures? A number of in- 
vestigators, including, Elman, Brunschwig, and Whipple, are advancing 
our Imowledgc on this and other questions. 

10. The widespread use of plasma has resulted in the discarding- of 
enormous quantities of red blood corpuscles. Is there some need'^for 
which these corpuscles or fractions of them could be utilized? 

11. Are there substitutes not of animal origin which are as effective 
or almost as effective as plasma in the treatment of shock? None has been 
foxmd as yet, but an intensive search continues by various groups 

12. Ai-e thiamine and vitamin C. in the absence of ritamin deficiencies 
helpful in the prevention and treatment of shock? Is it possible to sup' 
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P 3 siib-stralos wiiicli will aid in llio correction of disorders in metabolic 
])ioecsses? If the liyjjoi helical toxic substances are simply the results of 
disorders in tissue metabolism, can a method be found to correct the ab- 
noimalitics : The enzyme systems in shoelr should be carefully investi- 
gated. 


^ 13. Ihe question frequently has been asked whether it is po.ssible to 

I)rceondition ” men in dangerous military zones in order to lessen the 
chances ol the development of shock if injury should occur. Is it po.s- 
.sit)lc to have a reserve storage of fluid in the body tissues? In particu- 
larly dangerous times, is the oral administration of normal salt solution 
or glucose indicated? The answers to these questions have not been sup- 
plied. 

14. Is fhci'e some way to prevent the nan.sea and vomiting which are 
usually part oi the shock jnctiirc? If we assume that a significant part 
ol the fluid taken by mouth would be absorbed, the abolition of nausea 
and vomiting would lie a great advance in tlierapy. It is much more de- 
sirable to give nonprolein-eontaining fluids by tlic oral route, unless 
contraindicated, than by the intravenous one. 

15. In the treatment of crush injuries should one attempt to cause 
an increase in urinary outi)ul by the administration of fluid by various 
routes before one treats the impending shock by the injection of blood 
plasma ? Shoidd a tourniquet be applied inicl .imputation pci'formcd 
as soon as po.s.sible in those instancc.s in which an extremity has beeii 
pinned longer than several hours? Much remains to he learned about 
crush injuries. 

16. In regard to “position" in shock, how much should the head he 
lowered and how long should this position be maintained? It is agreed 
that the head-down position is indicated for most patients in shock ex- 
cept for those with brain and pulmonary injuries. 

17. What is the best anesthetic to emplo.v in the treatment of the se- 
verely wounded? Local infiltration is safest but fi'equentb' is inade- 
quate. Most obsorvei’s agree that anesthetic doses of intravenous bar- 
biturates azid of agents injected into the spinal canal are dangerous for 
these patients. Cyclopi-opane and ethylene arc usually not azanilable. 
Nitrous oxide should not be used except for vciy bi'ief procedfn-es. As 
emphasized by Bartlett and Evans, intercostal nerve block lessens the 
dose of the general anesthetic agent that is required for abdominal op- 
erations. Ether, tiiough presenting some disadvantages, remains among 
the safest of the agents for inhalation. Possibly the dangers in the use 

f chloroform have been overernpliasized. The probable ill effects oi 
1 • mit should be reinvestigated. The situ.aiion regarding the clioicc 

this a^ „o-pnts for the treatment of shock needs clariheation. 

of anestaetic „ 

. movpl^e should be <rivou to an injured pcr.soii? 

SI Id uot a distinction be made in do.sage according to whether or not 
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the patient is in shock? Patients in shock rarely complain of severe 
pain. Is morphine responsible for some of the nausea and vomiting that 
often accompanies shock? It is my impression that, except in unusual 
circumstances, it is unwise to administer as much as % gr. of moriihine 
in a single dose. 

19. Is it not possible to provide more adequate protection against 
injuries in the military forces? Is it ]5ossiI)le to devise a more effective 
means for cushioning the pressure wave of water ])last? Should pro- 
tective chest and abdominal armor plates lie used more extensively? 
Can the hazards of burns on ships be lessened l)y alterations in the type 
of clothing that is worn? The value of adequate covering of the skin 
has been demonstrated in the case of flash burns. 

20. With the knowledge that the ideal treatment of penetrating ab- 
dominal wounds is immediate operation, but that this is impossible in 
some of the forward areas, is there some nonoperative means which will 
result in a greater saving of lives than at present? This is one of the 
most important problems confronting military surgeons. 

21. A number of miscellaneous questions might be asked. Is the avail- 
able information on the pathogenesis, prevention, and treatment of shock 
being conveyed effectively to the men, usually battalion medical officers, 
who will actually treat the injured? Should there be teams composed 
of military and civilian surgeons who could instruct the physicians and 
their assistants in the various camps? If so, tliere slionld be demonstra- 
tions of the use of blood substitutes as contained in tiie Army-Navy 
packages. Should there be a number of men in the services who special- 
ize in intravenous therapj^ including blood grouping and matcliing? In 
the short time available, are our students and iiouse officers getting 
adequate instruction in the treatment of the various types of injuries 
that are encountered in warfare? Could a more adequate description 
of the medical problems which are met in the various fighting zones be 
sent to designated centers in tliis countiy in order tliat instructors and 
investigators could carry out their duties more intelligently? One 
realizes, of course, that total mobile warfare presents many impediments 
to the adoption of routine methods of tlierapy and to the wide dissemina- 
tion of information, 

CONCLUSIONS 

There are many types of shock, and we are dealing with “problems of 
shocks rather than the shock problem.” The most commonly encountered '' 
eliologic agent in the genesis of traumatic shock is the regional loss of 
plasma or whole blood from the blood stream. There are many'unsolved 
in-oblems, some of which have been considered, but the available ' 
formation is such that the majority of instances of traumatic shock enn 
be prevented or treated sucee.ssfully if advantage is taken of existimr 
KUOWlodf?0. ‘ 
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THE EFFECT OF INFUSIONS OF 
BOVINE SEBUM ALBU:\[IN IN EXPEEBIENTAL SHOCK^ 


J. E. Duxpiiy, M.D.,t AVI) Johx G. Gibsov, II, Bostox, I^Iass. 

(From Ihe Lahoratmy of Surgical Fesearcli, Haiiaid Medical School, and Ihe Med 
xcdl and Smgical Service of the Peter Sent Siigham Hospital, Boston) 


'■y^HE seareli for an aderinale and readily available substitute for blood 
X in the treatment of traumatic shock has led to the ijreparation of 
purified fractions of plasma proteins of both human and animal ori- 
gin.’’® Such i)reparations appear to have certain advantages over blood 
or plasma in that they ai’e more readily preserved or transported and, 
with respect to animal fractions, are unlimited in source. This study 
was undertaken to determine the efficacy of bovine serum albumin in 
experimental shock. Particularly severe thermal trauma, involving 
onc-third or more of the total body area in dogs, was selected as a means 
of producing shock because e.xtensivc observations on the effects of 
treatment in this type of injury in human beings are difficult to obtain. 

The course of the changes in hematocrit, plasma volume, plasma pro- 
tein coneentration, ])ulsc rate, and blood pressure following thermal 
trauma in dogs has been described previously.®’ ° Although there is 
.some variation in individual animals, in general the eoiu’se of this type 
of shock is sufficiently uniform to permit an evaluation of therapeutic 
procedures. Tlie eharaetcristie changes in untreated dogs are depicted 
in Pig. 1. There is a rapid reduction of plasma volume with marked 
hemoconcenlration, followed by a continued but more gradual change in 
the same direction The concentration of plasma proteins at first in- 
ereases slightly, then falls moderately, but from the onset there is a 
marked reduction of total circulating protein. An initial fall of mean 
arterial blood pressure followed by a rise, sometimes above the pre- 
existing level, which is maintained until just hefore exitus, is the rule. 
The pulse rate rises early and shows a jirogrcssive upward trend, bein"’ 
above 200 tow’ard the end of the experiment. Pathologic examination 
of the animals sacrificed earl\ in the experimental period discloses verv 
little variation from the normal, but in animals which die or arc sacri- 
ficed late, that is after seven to filtecn hours, micioscopic ehaimes similar 
to those descrilied by lilooii’'’ aie consistently picscnt.’'’ 

Tlic effects of \nrious forms of leiilacement lhera])y on the plasma 
\olume. eiroulatory changes, ami patliologie findings under the eondi- 
1 101^1 these ex])erimeiit.s lone b<‘en described before.’ It is sufficient 
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to stiilc ]1C1'C Av]icn a eonimuous infusion of normal or slightly di- 
luted plasma is given in amounts of 75 to 100 c.c. an hour, depending 
on the size of the animal, the plasma volume and peripheral circula- 
tion are veil maintained and there is a striking amelioration of the 
usual tissue changes of advanced shock. The points which seemed de- 
sirable to determine in this study were: 

1. Is bovine serum albumin toxic to dogs when injected after an 
injury whicli involves extensive tissue damage? 

2. Does bovine serum albumin remain in the eirculation suffi- 
ciently long to maintain plasma volume? 

3. IIow effectively, in comparison with ])lasma, Avill bovine serum 
albumin limit the circulatory and pathologic changes which follow 
severe burns? 


EXPERIMENTAL Shock Ooq 7 Adrtnoii Inloci 



Pig, X — Changes in plasma volume, hematocrit, pulse latc, anri mean artenal pressuie 
in shock due to burns, untreated Animal saciificetl at ten hours. 


EXPERIl^IEXTAL PROCEDURE 


Mongrel dogs wei'e used in all the experiments. A splenectomy^ was 
performed several weeks prior to the crucial experiment because previ- 
ous observations in dogs indicated that otherwise tlie activity of the 
spleen caused wide fluctuations in the heniatoci'it with little iMation to 
ehano’es in red cell volume. The animals were given water liberally but 
no food for twenty-four hours before the experiment. Anesthesia was 
induced with sodium pentobarbital in doses of 32 mg. per kilogram of 
tody weight and maintained IhronghoiU (he experiment by small sup- 
lementary injections as needed. The possible dis'ulvantagcs of this 
^ t s an anesthetic have been discussed previously and the effects of 
Srim in control animals described.'' 

oviPT-inl blood picssure was recorded liy means of a mereui'.v 

™ ” aT « •"» 

manometer connectea 
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frequent intervals, the pulse rate ivas counted at the apex of the heart 
by means of a stethoscoiie, as well as being recorded on the kymograph. 
The respiratory rate M’as also taken fr’equently. The plasma volume was 
determined by the direct method of Gibson and Evans,® a reinjection 
of dye being made for each determination. The plasma proteins were 
determined by the micro Kjeldahl method. The prothrombin time was 
determined by the method of Quick.^- 

All samples of blood were taken from the jugular veins which were 
exposed for this purpose hut protected by sponges moistened in saline 
solution. All infusions were given through the left femoral vein ivhieh 
was cannulated for that purpose. 

The fractions of plasma proteins employed in these investigations were 
prepared by E. J. Cohn, W. L. Hughes, Jr., L. E. Strong, and their 
colleagues in the Ilaiward Plasma Fractionation Laboratory in col- 
laboration with J. D. Porselie and his colleagues in the Armour Labora- 
tories. As this study progressed, increasingly pure ])i'eparations of 
Ijovine serum albumin were made available. In the later experiments 
a solution of crystallized bornne scrum albumin was used. This proved 
so much more efficacious tliat certain opinions ba.sed on the earlier 
studies had to be revised. However, alt the exjreriments are included 
in this report. 


TH£ ErPCCT OF A CONTINUOUS INFUSION OF PLASMA 





'• Continuou*? mfu^lou of plasmvi in amounts equal to the 
muintained plasma volume and mean aiterial prcssiue 


stipulated requiiement 
satisfactorily. 


The results are iriven in Tal)le I. In tlie early experiments in wliich 
comparatively erude preirarations a ere used, the results although bv 
no means comi)aral)le to the eft’eel.s of plasma, were encouraicing in that 
they demonstrated that a heterologous albumin fraction remained in 
the circulation .siitTieiently long to iiiaintain jilasma volume for se%-cral 
hour.s and did so iqipnrcnlly without a notahle toxic reaction. Tliis was 
especially pnpressive when the experiment was of short dmution as in 
Nos. 1, .1, and 4. I,, the longer experiments, Xo.s. 2 and 5, the results 
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m less impressive. In no instance was the effect of the replacement 
entirely comparable to that seen witli continuous infusions of dog 
plasma. Tlie effects of a prolonged plasma infusion are compared with 
a nimin in Figs. 2 and 3. Note tliat when pla.sma was given there was 

the effect of a CONTiriUOUS INFUSION OF BEEF ALBUMIN 



Fig. 3. Continuous infusion of amorphous beef serum albumin prevented excessive 
loss of plasma and was effective In maintaining the mean arterial pressure. 


little change in the pulse rate and a gradual fall in the plasma volume, 
no gross abnormalities ivere found and mierosco])ieally tliere was a 
striking amelioration of the usual late tissue changes.'* Following eon- 
tinuous prolonged infusion of albumin, however, free fluid in quantities 
of 20 to 100 e.e. was found in the pleural and peritoneal cavities and 
the microscopic changes in the viscera were fairly marked although, in 
general, much less severe than that seen in untreated animals. 


One finding which is not entirely explained was the mai'ked reduction 
of the hematocrit out of all proportion to the changes in ])Iasma volume, 
seen in experiment Nos. 2, 4, and 5. There -was little gross loss of blood 
in most of these experiments, although in Nos. 2 and 5 there was quite 


marked oozing of blood from the wounds wlicre vessels were exposed 
for sampling of blood. It is rvell established that saline solution in- 
fused into the blood stream in shock leaks out of the circulation not as 


saline but as dilute plasma.- It seemed possible that albumin, when 
civen in continuous infusion, leaked out not as albumin but as dilute 
plasma and thereby carried with it other protein elemenls such as pro- 
thrombin. The possibility of an acute hypoprothrombiiiemia was in- 
vestigated but low levels by the Quick method u-ere found in only one. 
No 2 of the five experiments. Nos. 1, 2, 3, 4, and 5, in which it was delor- 
• Since the protein concentration remained ossontialy normal, it 
Vkelv that the decrease in hematocrit was due to changes in in- 
1 ,01 vnlnme. The exact cause of iJie severe reduction of the 

dividua c experiments is not ret exiilained. It is 
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worthy of note tliat similar reductions were not observed with prolonged 
plasma infusions.^ 

Since an infusion of amorphous albumin seemed capable of maintain- 
ing the eii'culation mid plasma volume for short periods of time onlj’, 
the possibility of using albumin as an adjunct to plasma was investigated 
in experiment Nos. 6 and 7. In each instance, plasma appeared to be 
the somewhat more effective replacement fluid (Figs. 4 and 5). However, 
it is cpiite significant that the net result in each experiment Avas quite 
comparable to that seen v'ith plasma alone (Pig. 2). IMoreover, path- 
ologic study of the A’iseera of these animals disclosed the same ameliora- 
tion of the pathologic changes of advanced shock that is seen following 
continuous infusions of plasma. 

The effect of mpusiONS of oog plasma followed or beef audumin 


- Htmolocrit 



Fifr. 4. — Both plafima and hovlne serum albumin maintain plasma volume and 

mean arterial pressure satisfactorily. 


At this point in the .study, a jireparation of crystallized albumin of 
great purity was made available to us. This was used in experiment 
Nos, 8, 9, and 10, in the first as a dilute -solution (6 per cent concentra- 
tion) and in the last two as a concentrated solution. The results of the 
continuous infusion of the crystallized albumin in experiment No. S 
were much more impressive than that seen following the use of amor- 
])hous albumin in experiment No. 2. However, since only one of the 
elements of plasma is replaced by an infusion of albumin, it is not pos- 
silfle to consider it a complete and adequate replacement for plasma if 
the losses are large and continuous. Tins Avas borne out by the fact 
that in the later stages of tliis experiment there Avas some oozin<>- of 
blood, a rise m pulse rate, a moderate fall in jilasma volume, amb on 
pathologic examination, moderate tissue changes cspeciallv in the 
kidneys, lungs, and adrenals Avere found. 


The efiects of infusions of concentrated albumin, 25 to 30 ner cent 
AAvre studied m the la.st two experiments. The results merit considerable 
attention. It is evident that the plasma volume Avas maintained at elo.se 
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to normal ]e^x.ls by a (luantity oC replacement linid considerably less 

l l, . 'f (Pig. 6). When eontinnous infusions of 

lute plasma or albumin arc given, amonnls iij) 1o 75 to 100 ce. per 
hour lor a 20 leg. dog arc necc.ssary to mainlain tlie plasma volume and 
protein eoncenlralion. In fhese later two e.xperiments, amounts of 100 


The effect of continuous infusions of beef albumin 

FOUOWED BY OOC PLASMA 



Fier. 5. — TIio bovine serum albumin was satisfacton-' in maintaining volume ami 
pressure but not as effective as clog plasma. 


THE effect of PAPIO INFUSION OF CONCENTftATEO CRYSTALLINE BEEF ALBUMIN 


- — ■Hemolocut 



(; Rapid infusions of concentrated crystallized bovine serum 

Inin niasma volume and pressure for five hours without the addition of 
A second injection was as effective as the first. 


albumin maln- 
fuitlior fluids. 


^nd 200 c.c. seemed to aceomplisli the same effect for five and ciglil liour.s 
■espectively. AVhether this was accomplished by absorption of avail- 
tissue fluids into the blood stream by the concentrated protein or 
1 - tl p nrevention of fluids being lost into the hiinied area is not cn- 
■ 1 ! 1 • There seemed to he less edema and Joss of fluids info the 

tirely clear. p^nerinients in wJiich the concontrafed .solution was 

burned area m int 
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used, but no actual determination of tlie comparative amounts of fluid 
in the injured areas vas attempted. 

On the other hand, the pathologic changes found on post-mortem ex- 
amination in experiment Nos. 9 and 10 M-ere quite advanced for the re- 
spective duration of the experiments. The changes involved principally 
the lungs, kidneys, and gastrointestinal tract. The degi'ee of congestion 
and edema was similar in character but not degree to that seen in un- 
treated animals. The liver showed very little congestion but there were 
scattered areas of necrosis characterized by altered staining reaction of 
the cells and a light infiltration of polymorphonuclear leucocytes. Al- 
though these changes were fairly advanced, it is important to emphasize 
tliat there was nothing in the histologic appearance of these lesions to 
indicate that they were irreversible. Nevertheless, the extent of the 
changes is a reason for accepting the apparently excellent response of 
the circulation and plasma volume to therapy with concentrated plasma 
proteins with a certain amount of caution. 

The optimum concentration of plasma or protein solutions for use in 
traumatic shock has not been determined. Despite enthusiastic re- 
ports^’ “ on the use of concentrated plasma, the issue cannot be regarded 
as definitely settled. While it is true that in the well-hydrated individ- 
ual intei-stitial fluid proi-ides a large reservoir which apparently can be 
utilized to a great extent without danger, in the dehydrated subject or 
after especially severe losses, as in extensive bunis, there is at least a 
hypothetical hazard of mobilizing extracellular fluids to a haimful de- 
gree. The cxeelloiit results of experiment No, 10, in which a concen- 
trated solution of albumin maintained the plasma volume at close to 
a normal level for eight hours after an especially severe injury, indi- 
cates that the dangers are not as groat as might be sujiposcd. That there 
is a limit to which a concent rated solution can compensate for fluid losses 
is obvious and the accent nation of the visceral pathologic changes in 
cxi)crimcnt Nos. 9 and 10 suggest tliat the re])lacement was not ideal. 


A determination of tlio optimum concentration for plasma protein 
wlicii used in shock is not within tlic .scope of this communication. It is 
a pressing problem which rcquii-cs further study. Until further evi- 
denee is available, a relialjlc guide would .seem to be the principle ad- 
vocated by BlaloelU of ••replacing the lo.st fluids in the form in which 
they arc losf’ with the additional jiroviso that in the early stages of 
shock, before dehydration is e.stahli.shed, a concentrated solution may bo 
of value m lu'oyidinjr j,,, jnunediate excess of protein, maintaining plasma 
volume by utilizing availalile inlei-slitial fluids, and poxsihly hriimitin" 
total thud los.ses. The fact that eoiieent rated plasma jiroteins arc readilv 
.stored and transported in compact form make them extremely valuable 
for tins purpo.se in the early treatment of shock in wartime. 
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SUMMARY 

Infusions of bovine serum albumin ■were given to dogs after severe 
lliermal trauma without evident toxic reaction. Continuous infusions 
of normal or slightly dilute solutions adequatelj^ maintained plasma 
volume and circulatory tone for considerable periods of time. AVhen 
protein and fluid losses were large and continuous, such preparations 
were not quite as efficacious as plasma. When normal or slightly dilute 
solutions were used as an adjunct to plasma, the results were quite com- 
parable to complete plasma replacement. 

Small infusions of concentrated bovine serum albumin, 25 to 30 per 
cent, maintained ]flasma volume and circulatory tone as effectively as 
large infusions of normal or dilute solutions. Tlie indications for and 
[lossible dangers of using concentrated solutions are discussed. 
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VENOUS PRESSURES IN PATIENTS WITH VARICOSE VEINS* 

H. S. iLvYERSON, Ph.D., Carroll H. Long, M.D., and B. J. Giles, jM.D. 

New Orleans, La. 

(From the Departments of Physiology and Surgery, School of Medicine, Tulane 
University of Loiiisinna, Ven; Orieansj 


I N CONNECTION with a general investigation of the effects of posture 
on the cardiovascular system, it seemed of interest to determine the 
venous pre.ssnres in patients with variecsities of the saphenous veins. 
The frequent occurrence of varicosities in individuals whose occupations 
involve considerable .standing has led to tlie belief that conditions im- 
posed by the upright position, such as the high venous pressures in the 
extremitie.s, are important factors in the development of varicosities.^- - 
It, thus, has often been assumed that the venous pressure in incompetent, 
varicosed veins is abnormally high,® although a reasonably thorough 
search of the literature reveals but few studies in which the pressures 
have been directly measured,'- and only two instance.s''> ® in which 
parallel control determinations have been made on nonvai-icosed “nor- 
mal” veins. The latter study showed that when patients with varicosed 
veins ai-e in the standing position, the saphenous pressures correspond 
closely with the hydrostatic pressure, irrespective of whether the vein 
is varicosed or not. We have been unable to find any reference to the 
levels of venous pressure in other veins of patients with saphenous vari- 
cosities. 

We have studied fifty unselected patients, twenty -two males and 
twenty-eight females, who were referred to the vascular clinic of Charity 
Hospital for treatment. Twenty-five of these suffered from unilateral 
and twenty-five from bilateral varicosities. Pour patients of the former 
and ten of the latter group also had hypertension (systolic pressure 
above 150 mm. Hg and/or diastolic pressure above 90 mm. Hg). The 
ages of the patients varied from 22 to 75 years, the majority being be- 
tween 40 and 65 years old. Approximately two-thirds were white, the 
remainder colored patients. The degree and duration of their vari- 
cosities varied considerably as did their previous treatment. Some of 
t he varices were of re.cent development and untreated ; in other eases 
tile condition had been present for as long as twenty-five yeai-s and had 
been tveaVed, at various times, by injections, ligations, and so forth. 
An additional control group of twenty individuals with no varicosities, 
four of wliom were liypertensive, were also .studied. ' 

Tile general plan of the exiieriments was to determine the venous 
pressur es of tlie saplionous veins of botli extremities and of one of the 


•.Uil. a \,y „ priinl to ono of us (H..s.sr.) from the John 
[{•■(•olv. a for pnhllr.itlon. Moy 1. UHJ. 


oinl Mni-j- Alarkle 


Koiin- 



520 


SUKOEUY 





MATERSON ET AL. ; VENOUS PRESSURES ^^^TH VARICOSE VEINS 521 


antecubital veins v'itli tlie patients in the standing and then in the re- 
cumbent position. The direct method of Burch and Sodeman® was 
used throughout. In the standing position, the levels of puncture de- 
pended upon the position and prominence of the varicosity. In the 
cases of bilateral involvement it was usually possible to determine the 
pressures slightly below the inid-ealf region. Where the varicosities 
were unilateral, the punctures were made at the most accessible point 
of the “normal” saphenous vein and at the corresponding point of the 
opposite varicosed vein. Heart level was assumed to be at the fourth 
interspace" and the hydrostatic pressure was calculated as the distance 
between it and the site of puncture. The antecubital readings were al- 
wa 3 ^s made vdth the arm at heart level. In the early experiments the 
measui-einents were made with the patient standing, then the needles 
were removed and the patient placed in the recumbent position on an 
examining table. The needles were then reinserted at approximately 
the same points and the measurements repeated. The relativelj’- large 
number of punctures necessitated bj- this procedure frequentlj^ made it 
impractical to obtain all of the observations on the same da}^ The use 
of a tilting table in the later part of the investigation made it possible 
to leave aU of the needles in place while the patient was passivelj’^ 
shifted from one to the other position. This procedure also minimized 
muscular movements and resulted in more uniform readings. Heart 
level was as.sumed to be 10 cm. above the height of the table for the 
horizontal position^^ and the arm was usuallj’’ placed at an angle of 45 
degrees from the trunk for the antecubital determinations. 


The venous pressures, as measured in the saphenous veins of patients 
in the quiet standing position, are shoum in Fig. 1. Representative con- 
trol values are also given. Tlie results leave no question but that pres- 
sures measured under these conditions primarih' reflect the hj^drostatic 
component. The inabilitj' of man\' of the patients to stand quietlj^ dur- 
ing the course of the observations maj- account for the slight variations 
in the hemodjuiamic components (pressure above l^rdrostatic level) as 
well as for the failure of the pressures to reach the hydrostatic level in 
seven of the experiments." The use of the fourth interspace as a com- 
mon I’eference point for heart level also introduced some error in the 
determinations." The values which wei'e obtained, however, are of the 
.same order of magnitude and exhibit the same variations as do meas- 
urements of standing venous pressures of “normal” veims." This is 
well illustrated in the cases of unilateral varicosities, where there were 
no significant dilTerences between the pre.ssures of the “normal” and the 
involved vein. The presence of hypertension did not seem to influence 
the lieight of the venous pre.s.snre except where some decompensation 
was present (Patient 32). 

Fig. 2 shows the distribution of the antecubital venous iiressure values 
in tile (ontrol and varicose vein groups when the patients were placed 
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ni the supine position. TJie pre.ssures in tlie saphenous veins in both 
trroups under these conditions were either tiie same or several centi- 
meters higher.''^' The control values were distributed in tlie usual 
Lashioii and ranged from 7 to 15 cm. The majority of the 

readings were below 11 cm., and only two patients had a pressure of 
over 14 cm. JLO ivhich is commonly regarded as the upper limit for 
“normal” values.’" These two patients exhibited a h.vpertensioii and 
some cardiac decompensation. On the other hand, the majority of the 
patients in the varicose vein grouji had venous pressures higher than 
this level and their distribution emwe showed a pronounced shift to the 
right. In manj' eases, tlie values were of the same order as found in 
severe cardiac decompensation, but manifestations of cardiovascular in- 
I’olvement were evident in only eight of the twenty cases with abnor- 
mally high I’enous pressure values. 

Our results thus indicate that the saphenous venous pressures of pa- 
tients with varicose ■veins are ivithin the normal range when the in- 
dividuals are in the standing position but become elevated and abnor- 
mally high when the recumbent position is assumed. Chapman and 
Asmusseu’® likewise found that the cardiac indices of individuals with 
varicose veins were within the normal range wlien the patients were 
tilted to the upright position but were considerably higher when the 
individuals were placed in the recumbent position. These patients also 
showed elevated blood i^olumes when the.i- were i-eeumbent. 

These findings suggest that patients with varicosities hai'e become 
adaiited to higher levels of cardiovascular function which enable them 
to withstand the sti-ain of the upright position without too much dis- 
comfort. When an indii’idual shifts from the recumbent to the stand- 
ing iiosition, there is a surge of blood downward from the head, arms, 
and upper trunk to the subeardiac tissues. Blood which previously 
flowed easily and quickl.v back to the heart along horizontal I'cnous 
channels must now climb more slowly over vertical distances of as much 
as a meter or more. This column of blood e.xerts a hydrostatic pres- 
sure almost equivalent to the force developed by the left ventricle at 
the peak of its systole and causes a dilatation of the veins and a local 
accumulation of blood. Asmussen, Christensen, and Nielsen’" have esti- 
mated that 500 c.c. or more of blood may pool in the legs of “norjiial” 
persons standing quietly. The amount of pooling in patients with 
lai’o'e bilateral varicosities must be considerabl.v in excess of this amount. 

This loss in circulating blood vohune results in a diminslied venous re- 
turn and stroke output and a temporary drop iji blood pre.ssure which 
■ nartly or entirely compensated for by an increased pulse rate and a 
^ -alized vasoconstriction. The latter mechanism .serves the dual 
f nreventing further flooding of the subcardiac capillary rescr- 
purpose 0 l volume of blood to tlie dilated veins. Un- 

Yoirs anc 0 • the average ■‘normal” individual is able to 

less muscle tone is 
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stand for relatively long- periods with no cardiovascular embarrass- 
ment/® although it is questionable whether compensation is ever com- 
plete. The presence of large A-aricosities renders compensation more 
difficult. Chapman and Asmussen^'' found that 47 (18 per cent) of 250 
patients with large varieositie.s complained of undue shortness of breath 
that was relicA’ed in the recumbent position ; 19 of these 47 also suffered 
mild preeordial pain and palpitation, and three were women Avho ex- 
perienced attacks of sudden d 3 -spnea, dizziness, and precordial pain 
simplj" on standing. The iiatients were without gross signs of the 
Imown types of heart disease, although in some the blood pressure was 
slightlj* elevated. 


AVhile vasoconstriction probabl.v represents an important mechanism 
bj^ which blood is rapidty shifted to the dilated veins, it is improbable 
that this A^asoconstrietion is maintained over long periods of time or 
that the cireulatoiy si'steni is so regulated that anj* enlargement of one 
set of A’essels is exaetlj’ balanced bj' an equal reduction in the size of 
other vessels. When, as in the dcA-elopment of varicosities, the A'ascular 
bed enlarges, there must be a concomitant increase in blood volume in a 
manner similar to that which occurs in hj'perthjToidism,” cardiac 
disease,-" and arteriovenous fistulas.^* This increase in voliune serves 
to fill the vascular bed, which is particularly enlarged when the patient 
is in the standing position, and compensates for the abnormal amount 
of pooling in the veins. Once the di-stended saphenous A-eins are filled, 
their pressures Avill reflect the graA’ity effect of the column of blood 
beloAv the right side of the heart. Venous pressure will rise consider- 
ably above the hydrostatic pressure only if the intra-abdominal pres- 
sure is raised to a level which eompre.sses the iliac vessels and vena cava 
and hinders the normal overfloAV of blood into the right heart.® On the 
other hand, Avhen the patient assumes the recumbent position, there is 
less distention of the veins and the amount of blood is now greater than 
needed to fill the A'ascular bed. In other Avords, Ai-hile compensated for 
the upright position, the cardiova.scular sj-stem is OA'ereompensated for 
the recumbent position. These patient.s, therefore, have high blood 
volume.s and coiisecpiont high a-ciious pre.ssures Avhen reclining.'" 


Various explanations have been proposed for the development of 
varieose veins. Adams" believes that the erect posture ha.s developed 
activity .stre.sse.s wliich markedly increase intra-abdominal pre.s.sure and 
indirectly raise the .saphenous pre.s.sure to abuormallv hiffii levels and 
that tins, combined with a vulnerability in certain individuals, probablv 
is sufTicient to iiroduce varicose veins. Irrespective of the etiolo-ic f-ic 
tors Avh.ch cause the .sfrefehiug. the following hypothc.sis seems lo-dJaV 
0„ee the stretching has occurred there is a conipcnsatorv increase in’ 
Wood volume in order to maintain tl.e elastic va.scnlar ^-.stem in its 
usual oMildUd condition and to niaiutain an adconate cnivlia 
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in tlie .supjne po.sitioii. TJie ])ressm-es in the saphenous veins in both 
grou])s nndei- these eonditions were eitJier tlie same or several centi- 
nie eis iighei. iiic control A-alnes Avere distributed in tlie usual 
lasluon and ranged from 7 to 15 cm. The majority of the 

readings Avcre beloAv 11 cm., and only tAvo patients had a pressure of 
OA ei 14 cm. n„0 Avhich is commonly regarded as the upper limit for 
“normar’ values." Tliese tAvo patients exhibited a hypertension and 
some cardiac decompensation. On the other hand, the majority of the 
patients in the A’aricose A’ein group liad A'enous jjressures higher than 
this leA el and their distribution curA’e showed a pronormeed shift to the 
light. In many cases, the A'alues Avere of the same order as found in 
seAeie cardiac decompen.sation. but manifestations of eardioA'aseular in- 
A olA’cment AA'ere CA’ident in only eight of the tAventy cases Avith abnor- 
mally high venous pressure A’alues. 

Our results thus indicate that the saphenous A’enous pressures of pa- 
tients AA’ith rarjcose reins are \rithin the normal range when the in- 
dividuals are in the standing position but become eleA’ated and abnor- 
mallj’ high Avhen the recumbent position is assumed. Cliapmau and 
Asmussen^® likeAA'ise found that the cardiac indices of indiA’iduals with 
varicose veins Avere Avithin tlie normal range when the patients were 
tilted to the upright position but were considerably higher when the 
individuals were placed in the recumbent position. These patients also 
showed eleA'ated blood A’olumes AA-Jien tliey were recumbent. 

These findings suggest tliat patients with varicosities have become 
adapted to higher levels of cardioA'ascuIar function which enable them 
to Avithstand the strain of the upright position Avithout too much dis- 
comfort. When an iudiA’idual shifts from the recumbent to the stand- 
ing position, there is a surge of blood dowuAvard from the head, arms, 
and upper trunk to the subcardiac tissues. Blood Avhich previously 
floAved easily and quickly back to the heart along horizontal A’enous 
channels must uoav climb more sIoAvly over vertical distances of as mueJi 
as a meter or more. This column of blood exerts a hydrostatic pres- 
sure almost equivalent to the force dcA’eloped by the left ventricle at 
the peak of its sj’Stole and causes a dilatation of the veins and a local 
accumulation of blood. Asmussen. Christensen, and Nielsen’" liaA-e esti- 
mated that 500 c.c. or more of blood may pool in the legs of ‘‘normal” 
pei-sons standing quietly. The amount of pooling hi patients Avith 
lai’o-e bilateral A’aricosities must be considerably in excess of this amount. 

Tlhs loss in circulating blood A’olinne results in a diminshed venous re- 
turn and stroke output and a temporary drop in blood pressure which 
rtlv or entirely compensated for by an increased pulse rate and a 
'^pferalized vasoconstriction. The latter mechanism ser^-es the dual 
‘ f m-eA’cntin" further Hooding of the .subeardiac capillary rcscr- 
purpose 0 l volume of blood to the dilated veins. Un- 
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SURGERY 


M’lien tlie patient is in the recninbent position. Wlien the ’ individual 
with varicosities a,ssnines tJie standing position, there is a considerable 
amount of pooling in the stretched veins, and the circulating blood 
volume and the cardiac outinit diminish. Because of the initial high 
levels, however, the values finalb^ achieved usually are still within the 
“normal’' range. The venous pre.ssiire, therefore, is also at the “nor- 
mal lev'el and reflects the gravdtationalh' induced hj’drostatic pressure. 

If the ahov^e hypothesis is correct, the presence of varicosities imposes 
a continuous strain on the eardiovmsenlar system, even ■when the patient 
is in the reennibent position. The heart is called upon to handle a 
relatively large venous return and thus do more work. The increase in 
blood v'olume may be of sufficient magnitude to induce arterial hyper- 
tension. Ligation of the veins, by removing the peripheral blood reser- 
veirs, should have a tendencj^ to restore “normal” hemodynamic con- 
ditions. Thus, Chapman azid Amiissen’® found that the cardiac outputs 
and sjetolie pressures were definitelj- decreased after ligation and that 
there was a decided improvement in the compensation of the patients 
to tilting. Adams® found that raised intra-abdominal pressures had 
much less influence on the venous pressure after the veins were ligated. 
We have also found, in preliminary experiments, that the venous pres- 
sure ma}’’ decrease and remain low after saphenous ligation. 


SUMMARY 


No differences were observed in the height of the venous pressure in 
“normal” and in varieosed saphenous veins of standing patients. In 
both types of veins the pressures were usually only slightb’’ higher than 
the hydrostatic pressure. 

The antecubital and saphenous v'enous pressures of patients with vari- 
cose vmins were found to be significantly higher than “normal” when 
the patients were in the recumbent position. 

These high recumbent venous pressures are believed to be due to an 
increase in blood volume which enables the individual to compensate 
for the effects of gravity while standing, but results in an overcom- 
pensated state when the recumbent position is assumed. 
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of the fluid. Unfortunately, three other irapoi-tant factors could not be 
studied because of lack of sufficient information to make them of sta- 
tistical value. These other factors are the bacteriology' of the peritoneal 
fluid, the time intei’val beiveeu tJie last intake of food and the pei’fora- 
tion, and the size of tlie perforation. 
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The relationship between the duration of the peiToration and the 
character of the wound healing was not consistent. Of those perfora- 
tions closed •within six hours of their occurrence, 79 per cent healed 
M'ithout evidence of infection, and yet, in those operated upon between 
twelve and eighteen hours after perforation. 63 per cent healed without 
evidence of infection (Table II). 

When the amount of fluid found at operation is considered, there is 
seen to be some apparent correlation betAveen the amount of fluid and 
tlie licaling of the operative Avound. The less the amount of fluid the 
better the chance for the wound to lieal Avitliout CA'idence of infection 
(Table III). 

BctAvcen the character of the fluid and the liealing of the Avound there 
also seems to be a definite relationsldp. Clear fluid Avas associated Avith 
lirimary wound healing in S2 per cent of the 51 eases. When gastric 
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A bTUDY OF TEE HEALING OF ABDOMINiiL' OPERATIVE 
WOUNDS FOLLOWING CLOSURE OP PERFORATED 
ULCERS OP THE STOMACH AND DUODEATOP' 

RiciiAiiD II. Meade, Jb., Philadelphia, Pa. 

G roi/i ihc Surgical Services of the Hospital of the Protestant Episcopal Church in 

Philadelphia ) 

' I 'HE question of tlie drainage of tiie peritoneal cavity following 

i- operation for acute perforation of a peptic ulcer of the stomach or 
duodenum was, until relativety recently, a hotly debated one. This was 
jiarticularty true in Philadelphia in the early 3930 ’s and it was then 
that this stud 3 ’^ ivas started. For a period of many j’^ears at the Epis- 
copal Hospital, a definite routine for the management of perforated 
ulcers was strictl}' followed. In eveiy ease, regardless of the duration 
of the perforation, the operation was carried out through an upper 
right rectus incision "with splitting of the muscle or with lateral retrac- 
tion of it. The I’eadil.y available fluid, especialty if showing gastric 
contents, was evacuated and the perforation closed. During the first 
twenty j'eai's of this series a gastroenterostomj' was added in thirty-six 
of the fifty eases, but in onl.y one of the forty cases in the next four 
3 'ears. After establishing pelvic peritoneal drainage through a supra- 
pubic stab wound, the operative wound was closed in laj'ere with catgut, 
except for the sldn, and ivithout di’ainage. Thus, there was established 
an excellent setup for the stud.v of wound healing in the presence of 
contamination, for which the surgeon had established drainage of the 
peritoneal cavity. 

During the period between Jan. 1, 1912, and Jan. 1, 1936, ninetj' pa- 
tients, who had been treated for their perforated ulcers as outlined 
above, recovered and were followed a sufficient length of time to afucly 
their wound healing. In sixty-seven, or 74.4 per cent, of these there 
was no evidence of infection (Pig. 1 and Table I). In onl.v four of the 
wounds was there evidence of enough infection to classity them as 
seriousl.V infected, and three of these were associated with disruption. 

In the light of recent .studies about wound healing it seems likety that 
the disruption more probably was due to nutritional disturbances than 
to infection, but there is insufficient data in these eases to reach such a 
conclusion. 

The factoi-s available foi- study in this .series were the duration of the 
perforation the quantity of the peritoneal fluid and the characteristics 
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wounds do not become infected if the perforation can be elased before 
there has been any great leakage of gastric or duodenal contents or 
accumulation of much peritoneal fluid. Now, with the addition of the 
sulfonamide drugs, it -would seem that one .should hesitate to establish 
peritoneal drainage unless the perforation cannot be closed adequately 
or there is a localized collection of pns. 

As a matter of giving the background for this series of ninety cases, 
certain other data should be presented. During the twenty-four years 
in which these ease.s occurred there were 730 patients with ulcer of the 
stomach and duodenum admitted to the Episcopal Hospital, 232 of 
whom had acute perforations. During the first twenty years 164 pa- 
tients were admitted and 57, or 34.75 per cent, of them died. In the 
next four yeai-s 68 were admitted and 13 of these died, giving a mortal- 
ity rate of 19.11 per cent. During the entire period of twenty-four 
years only 13 patients were operated upon without establishing peri- 
toneal drainage. Only one of thc.se died, and that was due to pneu- 
monia developing after a secondary operation for the establishment of 
peritoneal drainage in a patient whose abdomen had been closed without 
drainage and who'-e peritoneum showed no evidence of inflammation at 
tile second operation. Four of the wounds .showed some evidence of 
infection, but in no ease was there a suggestion of peritoneal involve- 
ment. 

SUMMARY 

1. At the Episcopal Hospital in Philadelphia, between 1912 and 1936, 
acute perforations of gastric and duodenal ulcers were treated by 
closure of the perforation with or without gastroenterostomy. The 
operative wound was closed in layers with catgut after establishing 
sujirapubic peritoneal drainage 

2. Ninety of those patients recovered and were followed sufficiently 
long to observe the nature of their wound healing. 

3. Sixty-seven, or 74.4 per cent, of the i\ounds healed by primary in- 
tention. Twenty-three, or 2.5 G per cent, of the wounds showed some 
evidence of infection. 

4. There rvas no apparent correlation between the duration of the 
jicrforation and the wound healing Of those under six hours. 79 per 
cent healed without infection, whereas 83 iier cent of those between 
twelve and eighteen hours healed without evidence of infection. 

. 1 . There seemed to be some correlation between the amount of fluid 
and the nature of the wound healing Of the six ease,s in which there 
was no fluid, all of the wounds healed tiy primary intention. In twentv- 
eight -viith small ainonnts of fluid ho per cent healed without infection. 
01 thirty-six with moderate amounts of fluid. G9.4J po^ eent healed 
without infection. Of twenty with large amounts of fluid, (in per cent 
healed without evidence of infection 
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Table II 


IIUL-ATIO.V Of- PEKf-OBATION- IN BIB.ATION TO IVOUKJ, HEAJ.LVC 

Infection 


nUUATlON 

Be.s.s til, HI (i lir. (3Sj 

none 

30 ( 79%) 

SLIGHT 

1 

JtODERATK 

G 

SEVERE 

1 

C to 12 hr. (39) 

27 ( 69%) 

G 

4 

■ (Disruption) 

2 

12 to IS hr. (G) 

5 ( S.3%) ■ 

1 

0 

(1 Disruption) 

0 

IS to 24 hr. (4) 

2 ( 50%) 

0 

1 

1 • 

24 to 4S hr. ( 3 ) 

3 (100%) 

0 

0 

(Disruption) 

0 


Table HI 




Kelationsiiip Between Amount or Fluid and IVound Healing 


AMOUNT OF 

FREE FLUJp 


degree or infection of avound 



NONE 

SLIGHT 

MODERATE 

SEVERE 

None (G) 

G 

(100 %) 

0 

0 

0 

Small (2S) 

23 

( 35.7%) 

1 

4 

0 

hloderato (30) 


( 09.4%) 

O 

4 

o 

Large (20) 

13 

( 05 %) 

o 

3 

(Disruptions) 

2 


(1 Disiiiption) 


Table IV 

Relationship Between CiiAiiACTEP. of Fluid and Wound Healing 


character of 

FLUID 


DEGREE OF INFECTION OF M’OUND 


NONE 

SLIGHT 

MODERATE 

SEVERE 

clear or not specified 
(51) 

42 (82..3%) 

1 

7 

1 

(Disruption) 

Gastric contents (19) 

12 (03.1%) 

3 


1 

(Disruption) 

Pus (14) 

7 (50 %) 

4 

1 

2 

(1 Disruption) 


contents were noted in tlie fluid, 63 per cent of the ivounds Jiealed witli- 
out evidence of infection, and wJien tliere was frank pus, only one-Jialf 
of the wounds healed by primary intention (Table IV}. 

Tile operative wounds in these cases were not wasiied out before 
closure, nor were the wound edges ])rotected in any way from the con- 
taminating fluid. Layer closure was done with No. 1 or 2 catgut for 
everything except the skin, which was closed with metal clips or non- 
absorbable sutures. No antiseptics Avere used and tliis Avas before the 
sulfonamide era. MotAA-ithstanding, it lias been shoAvn that the large 
majority of these soft tissue n-ounds Jiealed Avifhont evidence of in- 
fection" As it has been repeatedly deiiionsti-ated tliat tlie .soft tissues 
1 s resistant to infection than the peritoneum, it would seem reason- 
conclude that in this series of cases peritoneal drainage uas 

. .y ,,pprled Furthermore, it .seems that even the .soft tissue 

rarely, A evei, neeucu. 


SULPATHIAZOLE IN CHRONIC OSTEOJIYELITIS 
•Tajiks AV. Toujiev," 31.D., Bosxox. AI.vss. 

(From the Department of Bone amt Joint Surgery, Laliey CUnic, Boston) 

T he introduction of chemotlierapj' has been a far-reaching advance 
in the treatment of osteomyelitis. Mneh of the chronic suffering 
caused by this disease can be relieved jvith the help of the sulfonamides. 
In the past the therapy of osteomyelitis has been, a sorrowful succes- 
sion of “cures” which did not materialize as was hoped. One method 
after another became popular and then fell into disrepute. The surgeon 
demonstrated his dissatisfaction by trying one mode of therapy after 
another. 

At one period acute osteomyelitis was considered a surgical emergency, 
and the cortex of the bone was drilled in search of pus, even before the 
roentgenologic changes had made themselves manifest. In the later 
stages of the disease, meticulous sauccrization and sequestrectomy were 
carried out with great care and completeness, but even so, chronic sup- 
puration with sinuses continued, often for years. A^arious bactericidal 
agents have been used. Dakin’s solution was used uddely in AA^'orld 
AVar I. Then bacteriophage became popular and later there was a 
revival of the maggot treatment. Host surgeons agree that a definite 
step forward was made in the adoption of the Orr treatment (postoper- 
ative plaster immobilization of the lesion, including the joint above and 
below, and infrequent changes of plaster for dressings). As a rule, 
the wounds so treated were cleaner and healed more rapidly than those 
which were frequently dressed. 

Alodern chemotherapy was applied early to the problems of bone in- 
fection. Dickson, and associates,’ Dively and Harrington,- Hoyt and as- 
soeiatc.s,^ and Key and assoeiate.s'' have been especially interested in the 
efl'cel of the sulfonamides on bone infections. 

This scries of ca.ses is pre.senled w'th the belief that our experiences 
at the Lahey Clinic with eheniothera))y in bone infection will aid in 
the claritication of jircscnt treatment. The majority of our patients 
have had either old chronic osleoinyeiitis with sinus formation, or an 
acute reactivation of previous ostcomyeliti.s, flaring up after a (luiescent 
Iieriod of a number of ycar.s. 


TlU-..Vl'MKXT 

The general ))lan of treatment, a conibin;ition of .several forms, may 
be divided into three, slaires: 

•l.t. r.mmnna. r. V. S. in.-elt-il. .«t Allnii-. I.on;,- I-lma. N V. 

for M'lirh Ipl.'! 
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6. Tlie chai'acter of tlie fluid appeared to be related to the Tvound 
healing. In flfty-one eases the fluid Avas clear, and 82.3 per cent of these 
Avounds healed by primaiy intention. In nineteen cases gastric contents 
Avere seen in the peritoneal fluid. Of these AA'ounds, 63.15 per cent 
healed Avithout eAudence of infection. In fourteen cases in Avhich there 
AA'as frank pus, 50 per cent of the Abounds healed by primary intention. 

CONCLUSION’S 

The healing of the contaminated, undrained operatiA^e Avounds in 
these ninety cases of acute perfoi-ations of gastric and duodenal ulceis 
indicates that in this group of eases peritoneal drainage Avas rarely, if 
eA^er, needed. It should then folloAA' that peritoneal drainage is not 
needed in any ease AA’hen the perforation can be satisfactorily closed 
and there is no Availed off pus. With the addition of sulfonamide 
therapy this conclusion seems .iustified. 



SULFATHIAZOLE IN CHRONIC OSTEOMYELITIS 
James W. ToujrEY," M.D,, Bostox. 1\Lvss. 

(From the Department of Bone anil Joint Surgery, Lahey Clinic, Boston) 

T he introduction of elieniotlierapy has been a far-reaching advance 
in the treatment of osteomyelitis. iMneh of the chronic suffering 
caused by this disease can be relieved rvith the help of the sulfonamides. 
In the past the therapy of osteomyelitis has been a sorrowful sueees- 
sion of “cures” which did not materialize as was hoped. One method 
after another became popular and then fell into disrepute. The surgeon 
demonstrated his dissatisfaction b 3 - trying one mode of therapj' after 
another. 

At one period acute osteomyelitis was considered a surgical emergenej^, 
and the cortex of the bone was drilled in search of pus, even before the 
roentgenologic changes had made themselves manifest. In the later 
stages of the disease, meticulous saueerization and sequestrectomj' were 
carried out with great care and completeness, but even so, chronic sup- 
puration with sinuses continued, often for years. Various bactericidal 
agents have been used. Dakin’s solution was used widely in 'World 
War I. Then bacteriophage became popular and later there Avas a 
revival of the maggot treatment. Most surgeons agree that a definite 
step forward was made in the adoption of tlie Orr treatment (postoper- 
ative plaster immobilization of the lesion, including the joint above and 
below, and infrequent changes of plaster for dressings). As a rule, 
the wounds so treated were cleaner and healed more rapidlj* than those 
which were frequentlj' dressed. 

iModern chemothcrai)}' was applied earlj- to the problems of bone in- 
fection. Dickson, and associates,* Dively and Harrington,’’ Hoj't and as- 
sociates,” and Key and associates* have been espeeiall.v interested in the 
effect of the sulfonamides on bone infect ions. 

This series of cases is prc.sentcd with the belief that our e.xpericnces 
at the Lahey Clinic with chemotherap.v in bone infection will aid in 
the clarification of ])resen1 treatment, 'riic majoritj' of our patients 
have had eitlier old chronic osteonn'clitis witli sinus formation, or an 
acute reactivation of previous o.steom\-elitis. fiaring up after a quiescent 
])criod of a number of j'cars. 


TKE.Vr.MKNT 

Tiic general ))lan of treatment, a enml)ination of several forms, mav 
be divided into three .stages; 


•lA. CnmmniiiVT. i:. S. Nilviil Ho.-|»t.-il. St. .\lbiiie. I.nnc Wanil. X Y 
llrrclv.-a for mitilicritloll. M;iirli 2n. l!tia. 
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. teopcvahvc.—'i^hG ijatienl witli osteomyelitis iias at least one week 
of bed rest m the iiosjntal before operation. Daring this period a 
course of sulfatliiazole is given, tlie routijie dose being 15 gr. every 
four liours or 90 gr. in a Iwenty-four-Iiour period. The blood level of the 
drug, red and while blood eount.s, and urinalysis are determined at fre- 
que 2 it intervals. Sulfathiazole blood levels of 3.5 to 11 mg. are reached, 
the more tisual levels being iii the lower brackets. When sulfathiazole 
has to be discontinued because of a reaction, the ehemotherap.y is con- 
tinued Avitli sulfadiazine, after the reaction has subsided. Sulfadiazine 
is less toxic and higher blood levels are eas.v to maintain. We have had 
insufficient experience Avith sulfadiazine to compare its effieaev in 
staphylococcal osteomyelitis with that of sulfathiazole. It is our present 
plan to change to sulfadiazine in any ease in AA’hich avo haA'e diffienlty 
Avitli sulfathiazole. 


After a AA'eek of preparation, the patient is I’eady for surgery. Usii- 
alW there has been a diminution of pain, heat. SAA'elling, tenderness, 
fever, leucocj'tosis, and sedimentation rate, due, T believe, to the com- 
bined effects of sulfatherap.A'- and rest. In one instance (Case 2), the 
patient had such dramatic relief that he insisted on going home AAnthoul 
operation. HoAvevor, three Aveelcs later the osteomyelitis again became 
acute, aitd operation AA-as performed after a)iother Aveek of chemotherapy. 

2. Operative. — The routine procedure is a AA’ide, careful sauceriza- 
tiou of the infected area of bone. If a sinus tract is present, before 
making the incision methylene blue is in,iected into it to aid in the dis- 
section of the sinus tract and to help in locatiiig the entrance of the 
tract into the bone. If more complete stud.v of the sinus tract is in- 
dicated in planning the operation, lipiodol is jn.ioeted and roentgeno- 
grams ai'e taken preoperatively. 


In these operations a tourniquet is used as a I'egular course, AA’ifliont 
eAudence of spreading the infection. The di-y field AA’hich a tourniquet 
provides is of the greatest aid in the I’cmoval of diseased soft (issue as 
Avell as bone. The extremity is fii-st elevated, then an Esmarch j-nhhei' 


bandage is applied tightly from tlie toes or fingei's in a spiral, upward; 
then the tourniquet, AA’hich eojisisfs of a flat rubber band around the up- 
per thigh and a blood pre.ssure cuff on the upper arm, is aj)]Alicd. 

An elliptical incision is made about a preA'ious operatiA’c scar or sinus, 
if present. The dissection is carried doAvn to the bone remoA’ing the 
infected sear, granulation tissue, and sinus tract, brightly stained Avilb 
metliA’lene blue. As much of the scai- tissue as possible is excised, bcar- 
: „ i',1 mind the neees.sily for adequate closui-c of the AA-oiind by cover- 
ing the bone Avith .soft tissue. Tl.e cavity in (he bone is o,)cncd freely 
<roime and chisel, Avherever possiide creating outAi-ardly .slojmig 
n ^ -fU no overhamr or re-entrant angles. A motor hurr may be 
r I'in thus .sancerizing the bone. Sequestra, if -ucsent, are removed, 
helpful lil t - (...n-cfiillv with .saline .solution to remove all hone 

TheAVOunU is - tourniquet is removed and liemostasis 

particles and betoie 
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eslahlished. Snlfafliinzolo powder is then placed in the Avound. "We 
lun'e used 5 to 15 Gin. (75 to 225 sir.), depending on the condition and 
size of the wound. Primary closni'e i.s then effected without a drain 
and after each layer is closed, additional powder is dusted into the 
wound. For a time sulfathiazole sodium was used in preference to 
sulfathiazole, because it was more soluble. Then tlie use of sulfathiazole 
sodium M’as discontinued because of its high alkalinity, although we had 
no difiieulties which Ave could ascribe to it. Tlie deep layei’s of the 
AA'ound are closed Avith catgut and the skin Avith silk, all interrupted 
sutures. A dry dressing and a circular plaster cast extended to im- 
mobilize the joint above and iicloAv the involved bone are applied. For 
example, in femoral osteomyelitis a single hip spiea bandage is applied, 
AA’hile for osteomyelitis of the tibia, the knee and ankle joints are im- 
mobilized. 

3. Posiopcrrdivc. —The sulfatliiazole routine is kept up for at least 
tAA’o Aveeks unless some contraindication develops. The plaster is not 
removed, nor is the Avound inspected. 

Tavo Aveeks after operation the plaster is changed and the avouucI su- 
tAU'cs are removed. ^Ye are guided in the length of time the plaster is 
left on by the appearance of the Avound. This period varies from four 
to eight Aveeks, and Aveight bearing is begun in loAver extremity cases 
in from four to eight weeks after operation. Postoperative sulfa- 
thiazole administration has not been kept up longer than six AA'oeks even 
Avhen the Avound has persisted in discharging, 

nEl’Onx OF CASES 

The major details of treatment and results are recorded heroAvith in 
all cases of osteomA'clitis tivated at the Lahey Clinic from January, 
1941, to jAtne, 1942. 

Ca.se 1. — A 25-year-old man had had osteomyelitis of the right femur mhicli tvas 
drained surgically ten years before. For the last three years iie had had an 
actively draining sinus in the old ineision with increasing: pain. Sulfathiazole was 
started only twenty-four hours before oper;Uion and was continued to five davs 
after operation, at which time it w.is di.'-continued because of nausea. The aver- 
age .sulfathiazole blood level wa.s .■l.i! mg. The sinus, uhich was found to lead into 
a large eavitj- behind the femoral shaft, was e.xciscd. Xo aperture into the marrow 
cavity was found, and the hone was not saueori/.od. Fifteen grams of sulfathiazole 
sodium plus 5 Gm. of sulfathiazole were placed in the wound, which was closed 
primarily, and a circular plaster cast from the toe.* to the groin wa.s applied. Xon- 
hemolytic Stoph;/tococciis nthiis was cultured from the .-ib.'^eess cavity. In five weeks 
(he wound wtis coniplctely healed sind dry. .\t thirteen month,* after operation the 
wmmd had remained healed, dry, ami paitile.-v and there was no roentgenologic evi- 
dence of activity. 

CminiKiif.—Pvitnary closuri' occniTcd, wilii i-.ipid liealiug of a large, 
soft lissno iib.sccfts wlitch laid drained for three year.s. The good residf 
it) S]>i(o of tlio .short, course of .sulfathiazole, was probably due lo the ab- 
sence of bone involvement. 
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C.iSK 2.— A 35-yc!it-oI(l ni:m had had osteomyelitis of the right femur a 
piirativo arthritis of the right iiip at the age of .T years. At the age of J 
a Aye-lip of the o.stoomyciitia with drainage occurred, and two weeks bof 
mission to the clinic there wa.s a sudden reactivation with pain, heat, tom 
SH’cIling, fever, and a sedimentation rate of 70. On admission tliorc was no 
ation and the roentgenograms showed no cavitation or seqno.sl ration. For 
daj's ho was treated with bod re.st and 90 gr. of sulfatliiazole daily. After t 
eleven days an ab.sccss localized in tlio right groin and ivas incised and d 
The cavity was of such shape that it could not be closed primarily. Five gr 
sulfathiazole were placed in the wound and the snperticial portion was packed 
abscess cultured Stnph. aiirnix. The average sulfathiazole blood level was 4 
and the patient tolerated the drug well. Since the hip had become ankylosed 
before, a cast was not applied. The abscess healed m five weeks, and has rei 
so after nine months. 

Commevi . — This patient had an adetjnate course of chemotlier.ipj 
did tvell. 


Case 3. — A 36-year-old man had had an operation performed five years 
viously for acute osteomyelitis of the right tibia. Five months previously he 1 
to have pain, at the former site of bone infection. On admis-iion, pain, rei 
swelling, and tenderness were present over the upper tibia, and roentgenoj 
revealed two large cavities in the upper tibia (Fig. 1). He received DO gi'. of s 
tliiazole daily for twelve days, maintaining an average blood level of 3.5 mg. 
pain, redness, swelling, and tenderness were relieved and lie left (he hospital ng 
advice. 

He returned three weeks later because tlie process again had become acute. J 
nine days more of oral sulfathiazole, saucerization was carried out and two 
necting abscess cavities filled with thick pus wore found in the upper tibia. 1 
cultured Staph, aiiretis. Five grams of sulfathiazole sodium wore placed in 
wound, which was closed without drainage, and the leg was placed in a circular 
from toes to groin. After operation he receivoil 00 gr. of sulfatiiiazole daily 
five weeks, with an average blood level of 0.7 mg. At discharge, five weeks a 
operation, the cast was removed; the wound had remained healed and weight-h 
ing was begun. At six months after operation he is free from symptoms and 
wound is healed. 


Comment . — A good result tvas obtained in spite of exlensive bone 
volvemenl. He had adecpialc .sulfonamide llicrapy. A course of .snl 
tliiazole without surgery failed. 


Case 4. — A 25-year-oId man had been operated upon el.'scwhere (cn years p 
viously for acute ostcomy-eJitis in the right lower tibia. For the last seven mont 
he had had pain in the lower tibia of increasing severity with swelling and temb 
ness so that he became unable to work. Ifoentgcnologic c.xamination of the anl 
showed a cavity, 12 cm. in length, in the lower tibia, o.xtcnding nearly to the joi 
"rF'e- S) Si.xtv grains of sulfathiazole wore given daily for four day.*-, and tlr 
^ „*reri 7 ation and primary closure were carried out (Fig. .3). At operation .7 (7i 
.mlfatliiazolc were placed in the wound, which cultured S/nph. niirru.i. A long Ic 
* ! nnnlied from toes to groin. Because of nausea and progressive anemia, tl 
““f! IwLole had to he stopped eiglit <i.ay.s afler operation, fliotigh the avenu 
sulfathu o 7 miT Two week-i jio'-toperatively there was .diglit di'-cliarge froi 

blood level was - n- the piaster w.as loft o(T, the woiiii 

the wound. >-JX jTfer there was no pain nr evidence of activity, 

iwalcd. and one year i.i 
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Comment . — A good result was obtained in a patient with a largo bone 
abscess though he had a rather small amount of chemotherapy after 
operation. 



('\m; a. — .V l.j W';ir uid -C i-iili-iri| tiiu Imvpital bciaiuso of pain and .‘•wcdl- 

in^; jii'-t aliiiu' tlir li-fl wn^i ..1 lun iiKiiitlis’ duration. IJoentgeno^fnun'. rverc con- 
'•i'tonl null fillicr a Urodii''- nidi iiiarKi'd Ijuno tliiiKi'iiing or nilli a 

K«in},''^ I'lidotliidioiiia inioliiii" tin- Inner radial -liafi ( Fiij. 1). Bccaii'-e of the 
po-iitiilily of niali"nani a Inop-i ~peeiiiieu n.•l^ lahen. and “elironie inflammation’' 
nas the ]iathohi};ic fiiidin". Therefore, -aiieeri/atioii na.> done, and A Gm. of sulfa- 
thiazolo ncro placed in the nound. Xo omi chcmotlicrapj- was given either before or 
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after opeiation. The final micio'-copic sections were consistent nith osteomjelitis. 
A culture slioued no groutli. 

Fhe months after the fiist saucen/atioii a second opeiation became necssary, 
as pain, swelling, tenderness, and heat had returned soon after the first procedure. 
Ninety giains of sulfathia/ole weie ghen foi three dajs before operation and for 
eight dajs afterward, the aierage blood le\el being d mg. During operation 5 gr. 
of sulfathiazole were implanted. Thereafter the pain subsided and four months 
later he was free of simptoms. 

Comment . — This Brodie’s abscess of the radius with extensive sclero- 
sis failed to yield to saueerization and local chemotherapy. A second 
operation with preoperative and postoperative chemotherapy was suc- 
cessful. 

Ca.sf. G.^ — A Sjieai old man had had acute osteomyelitis of the left lower feiuui 
twentj-four jears befoie admission. For the last seienteen jeais he had had an 
actnely diaining sinus which led fiom a laige caiitj in the lower femoral shaft 
to a large, depressed, old incisional scai with turned in edges. Sulfathiazole was 
begun, GO gr. a day foi tlie first two dajs and then DO gr. a day for four moie 
dajs, at the end of which time the blood leiel was 5.S mg. Saueerization and pri- 
niarv closure weie pci formed, leaiing 15 Gni. of sulfathiazole sodium in the wound, 
and appljing a cast from toes to gioin. The next da\ he had a sulfatliiazole re 
action wuth large, led, raised blotches on the sKm. ,'^o\cial days latei when the drug 
was begun again the reaction reappcaied, so he receiied %irtually no postoperatiie 
sulfathiazole therap\ The leaetion increased about the wound, and three sinuses 
del eloped though the leg was Kept in piaster foi foui months. 

Because of the peisisting amuses he was hospitali/ed si\ months later, and an 
other attempt was made to give sulfathiazole. The second daj his temperatuie 
lose to 101° F., and the drug was discontinued. The next daj he had a comulsne 
seizure. No dehnitc cause toi this was found, and n was possibly a diug reaction. 
Howeier, sulfadiazine was tiied without incident. He receiied 00 gi. daily for ten 
dais before operation and for thiee weeks afteiwurd, with an aieiage blood leiel 
of G.j mg. At opeiation the sinus tiacts weie excised, and a thin sequestrum l.o 
inches long was icmoied. Fiie grains nf sulfjithiazole weie placed in the wound, 
and primari closure was tried again At three months alter opeiation a small sinus 
peisisted in the wound. 

Comment . — Attempled pnimiri closuic in osleomyelitis of the femur 
with a chronic sums failed The patient could not tolerate sulfathiazole, 
and this is the inohahle cause of laduie. It is too early to evaluate the 
lesult of the second pincedure with a coui.se of sulftidiazine, but it was 
more sueeessful than the fust piocedure, at which time chemotherapy 
I ould not be used. 

f'si 7.— \ 14 _\e.ii old man li.id had osiooiinelitis of the left lonei fciiiui with 
.1 draining oiei sumo the [iiiiiiar_\ opar.itioii in 1!I17, Iwenti four rears before 

Ho was gnoii uo gr ol sulfatliiazolo .i daj foi ono wool. iiieoperatucU and foi two 
wooks postopoiatnoU Tho sinu'os, one niialial and ono lateral oier the lower 
femur, wore inp'i tod with iiiothrloiio blue ami were disspoted out. No bone focus 
was found \ . ulture shooed beta liomoU tie strejitococcus, hemohtic and non 
lioniolyiio Staph. niiriKr and Staph alhu-. Due grams of sulf.i; hiazoie were placed 
in tlie wounds. A primarr suture was done, and a east applied from toes to groin 
The arorugo sulfathia/ole blood lerel was l.-J mgs Tho wounds healed uiicrentfiilh 
niui ut ‘•ix nftor ojtenitiou he free «»f FMuntom^. * ^ 
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nnims of *'Ulfiilhm7oIe tti'ie pliunl in the itoiind hefoio jiriinari- clo'-iire. The cast 
ttie* leff U" h'l* itecK*. alter ojH’i.ition. .tl tthieh time there un« still slight 
drainage from the ttoiind The lultme at oiiei.itiou =Iiotte(l Staph aiiieiii. At eight 
tteeK** 'lifter oper.tlion smus di.iiii.ige tins still jue.ent, but tie hate been imablo 
to follott this 1 ise. 

k'lniuiifid— e.vtensne, old, fem- 
0] d osteomyelitis, with snuis.es persisting at eight weeks The doia.ted 
hctdmsi may be due to the fact that stdfacfiamnc was used. 

n— .30 rear old woman entered the hospital with .a third flare up of 
C,\sr. It. - ' j. jo„er tibia, .aeuteh painful for three dajs The origin.al on 

o^^toomyeiins oi iivt i^-i* 
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set of the osteomyelitis was twenty-three years before. The roentgenograms showed 
bone thickening with a central area of rarefaction in. the lower tibial shaft. There 
was-a large, wide, depressed scar over the tibia with poor quality skin adlierent to the 
bone. At operation the old scar was excised and the tibia saucerized. To effect 
primary closure a relaxing incision was made medially. Five grams of sulfathiazole 
were placed in the tibial wound, and a long leg plaster was applied. Three days 
after operation the sulfatliiazole was stopped because of nausea. Tliree weeks later 
the operative wound was not healed and was resutured; the defect left by the 
relaxing incision was grafted. N'inety grains of sulfadiazine were given for eleven 
days, with an average blood level of 7 mg. The wound healed in two weeks, and had 
remained so when last seen six months later. 

Comment . — The good result clinically was due in part to sulfadi- 
azine hr mouth rather than sulfathiazole, which the patient could not 
tolei-ate. 

Case 12. — 2G-year-old man had had a right femoral osteomyelitis which had 
been increasingly painful for the last six mouths. The original attack occurred four- 
teen years before. Eoentgenograms showed bone thickening, irregularity, and a large 
C 3 -stic area in the shaft. Before operation was undertaken, sulfathiazole, sulfa- 
diazine, and sulfanilamide were tried sueccssivelj-, but he was sensitive to them all. 
At operation the wound was saucerized and packed with vaseline gauze. Ten grams 
of sulfathiazole were placed in the depths of the wound. A spica bandage was 
applied. Three months later the wound was closing gradualh". 

Comment . — This case shows the difficulties of treatment when sulfa- 
therapy cannot be used. 

Case 13. — A 2G-j-ear-oId man had been liardng progressive pain and tenderness 
above the left lower femoral region for the last six months. The original attack oe- 
curred twelve j'ears before, and three drainages were done within two %'ears. E.x- 
ploration was performed before wc began using oral chemotherapj-, but *10 gr, of 
-sulfanilamide were placed in the wound which cultured liemohdic Staph, aureus. A 
Vaseline pack was left in tlie wound, and despite lids iiealing was conspicuouslv 
rapid, requiring but three weeks. Three .vears later the wound had remained healed, 
the patient was free of s^-raptoms. 

Comment . — The healing was rapid witlioul oral chemotherapy, prob- 
ably because we were dealing with a soft tissue abscess rather than a 
hone focus. 

SUMMARY 

1. Thirteen case.s arc prc.scnlccl to demonstrate tlie details of treat- 
ment of osteomyelitis with chemotherapy. Healing took place promptly 
in ton of the thivteou cases, and in two of the three remaining eases 
chemotherapy could not lie given because of reaction to the drug. 

2. The recommended treatment of chronic osteomyelitis consists of • 

a. A coui-se of cliomothcrapy and bed rest in the hosjiital for one week 
before operation. Ninety graiius of sulfathiazole are given in tiventv- 
fouv hours, 

b. The operative procedure consists of .saueerization; local sulfathi- 
azolo in the wound, 2 to 15 Gm., according to the size of the wound; 
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Coin (Ilf Ilf.- -It is 1(10 (sii l.\ If) kiiou tii(‘ ( 11(1 1 (Stilts 111 tins etise, but tlic 
■‘tciitf ))i (let's-, stilisidfd tvilliotit jiiij suT‘'i,,il pioi'tdiuo 

( \st a. — \ II ir nl.l III III tiiteri-.l Hie Iio-pilal luHi p na in tlio right hnee 
r.'jiton (it ( (nil, (\..|,s ilnr.itioK. 'i*h(*r. u i- no pri*\iiiiis Iiis|nr\ of osleonnelitu 
Ufi* iiigi itiigf’nti** s'lfna,..? an ,(f. . nt .t.-n-e Imosis m Hie ton,., Pcr'ior.it sfiaft, eon 
--istent uUli a -'.leiosin,; osteitis of (1 ,ru Ilow.'i.-r. ,it opcr-itioa a bone nbsces® 
(tuit\, ..ntrall.\ In. at.'. I, w.i- fnuii.I an.l san.,r,/e.l Kijtlit pritis of -iilbatliinzole 
uere iil’ite.l in Hie aoiiri.I aliieli \\u- (Ins. ,1 la prim ir.\ '■ntuie, ami a cast n.as ap 
plied froiii Hie to.'s In Hie nioin Tin' > nltiiie from Hie .ib-cpss .i.as Staph aiiniis 
The patient tlien rei'civo.l I'O p'r. of snlfntliin/olo a d.iv for eifflitcen da.as, -0111011 
produced an aaei.ipo blood lecel of jli nig., and nl-o .in anenii.i Mlncli required 
tno trnii'fiisioiis Ibgbtcen da\s aftei oper.ilion. slight drain.ige occurred, and 
be was diseliargcd M.iIKiiig with ciiitclios 

Iliglit inontbs iiftor Hie tirst opeitition be «iis le.idimtted and the persistent 
sinus tract nas excised. .Siilf.atlii.i/ole nas placed in tbe nonnd, nliicli nas 
siibspquenth closid and lias rcniaine.l s,, for the list fifteen inontbs 

Comv\cn( — A iioito iii)sees.s ol the toimii was tieafcd in a loiitine iiuiii 
nor. sV soeond o])ei,ilion on the ])Cisisliii« sinus lesultod 111 liealnig 
The patient tolortitcd sulfatliiju'ole x\cll 

JO — A -II xeii old 111.111 bad bad acute leciiiieiit osteomyelitis of the loner 
n"lit fciiiui for tbe l.ist tnenty two yeais Pam, beat, snelling, and tenderness had 
been present oxei the light lowci femur foi the last six months A^inety grains of 
siilfadiarmo ncic gixcn daih for eight days bcfoio opei.ifion and for eighteen d.ays 
aftoniaid, maiuf.unmg an aieiago blood Icicl of S nig. nitliout leaction Sauceriza 
tioii uas niricd out and an extonsne ccstic aiea containing pus uas found Pno 
grams of siilf.itluazolc weie placed 111 the wound bctoie primary closme The cast 
was left oa fixe weeks aftei opeiation, at wliicli time there was still slight 
drainage from the wound. The culture at opeiation showed Staph aureus At eight 
weeks aftei operation sinus drainage was still piesent, but we have been unable 

to follow Hus c.ase 

Cominnif — Sauceii 7 afioa was eaiuecl out on an extensne, old, tew 
•al osleomyeliti'? "'Ah sinuses peisistmg at eigJit weeks The delay ed 
healing may he clue to the fact tJiat snliadia 7 iiie was used 

an year old wom.in entered the hospital with a third flare up of 
CASr 11 — A ^ acutely p.amful for three days The original on 

osteomyelitis of the leic 



TOUMEY: SULFATHIAZOEE IX OSTEOJtYELITIS 


539 


set of the osteomyelitis ivas twenty-three years before. The roentgenograms showed 
bone tluckening with a central area of rarefaction in the lower tibial shaft. There 
was- a large, n-ide, depressed scar over the tibia with poor quality shin adherent to the 
bone. At operation the old scar was excised and the tibia saucerized. To effect 
primary closure a relaxing incision was made medially. Five grams of sulfathiazole 
were placed in the tibial wound, and a long leg plaster was applied. Three days 
after operation the sulfathiazole was stopped because of nausea. Three weeks later 
the operative wound was not healed and was resutured; the defect left by the 
relaxing incision was grafted. Ninety grains of sulfadiazine were given for eleven 
days, with an average blood level of 7 mg. The wound healed in two weeks, and had 
remained so when last seen six months later. 

Comment . — The good result clinically was due in part to sulfadi- 
azine by mouth rather than sulfathiazole, which the patient could not 
tolerate. 

Case 12. — A 2G-year-old man iiad had a right femoral osteomyelitis which had 
Ijcen increasingly painful for the last six months. The original attack occurred four- 
teen years before. Roentgenograms showed bone thickening, irregularity, and a large 
cystic area in the shaft. Before operation was undertaken, sulfathiazole, sulfa- 
diazine, and sulfanilamide were tried successively, but he was sensitive to them all. 
At operation the wound was saucerized and packed with vaseline gauze. Tea grams 
of sulfathiazole were placed in the depths of the wound. A spica bandage was 
applied. Three months later the wound was closing gradually. 

Comment. — This case shows the difficulties of treatmenf when .sulfa- 
therapy cannot be used. 

Case 13. — A 20-year-old man had been having progressive pain and tenderness 
.above the left lower femoral region for the last six months. The original attack oc- 
curred twelve years before, and three drainages were done within two years. Ex- 
ploration rvas performed before we began using oral chemotherapy, but 40 gr. of 
•sulfanilamide were placed in the wound rvliich cultured hemolytic Staph, aureus. A 
vaseline pack was left in the wound, and despite this healing was conspicuously 
rapid, requiring but three iveeks. Three years later the wound had remained healed 
the patient was free of symptoms. 

Comment . — The healing was capid without oral chemotherapy, prob- 
ably because we were dealing with a .soft tissue abscess rather than a 
bone focas. 

SUMMARY 

1. Tliirteen cases arc prcsenicd to demon.strate the details of treat- 
ment of osteomyelitis with chemotherapy. Healing took place promptly 
in ten of the thirteen eases, and in two of the three remaining cases 
ehemotlierapy could not be given because of I'caction to the dru"- 

2. The recommended treatment of ciironic osteomyelitis consists of • 

a. A coin-se of ehemotlierapy and bed rest in the hospital for one week 
before operation. Ninety grains of sulfathiazole are given in twentv- 
four hours. 

b. The operative procedure comsists of saueerization; local sulfathi- 
azolc in the wound, 2 to 15 Gm., according to the size of the wound- 
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Co»iniC 7 il. rJieje \\<is sticccssful ])iiiiiai y closiiic of a sinus following 
os(eoni3cli(is of fho foimir ^\]n•(-Il had diaiiiod foi twenty-four jeais 
The patient loloiatod siillalhia/olo well 

^ Casi S— a 110 u-it „|,| ,„,ii (iitoii.I (lie lio'.pif.il (losperatc'Ij 2 II, toxic, delpdrated, 
MWcrcU iiTicimi, and m ''k it pun mtli in mule O'.feom^clitis imoUing the entire 
light fiiiiiir, t'M opt Joi till' iipiiPi foiiitli He w is trc.ifed with fi\c transfusions 
fluids, .1 liip spiea, and siiir.ilhiii/ole Hi*, •jeiipinl condition r.ipidh iniproied, he 
hoc imo toiiifort.ilile. and Iiegiii to «nii weight In his ho-pifal sfaj of ninefi fire 
d.iis lio w.is gi\eii siilfaf hiti/ole on sixli dixs with no iintow ird eftects except for 
siweral temperature elm itimis whnh win thought to he due to the drug There 
was no alisiess foimatioii, ,ind no iin ision weie ande Piagno«fic aspinfion cul 
tured filaph nmnii 

— It IS too Ciiili to know the end lesidts in this case, hut the 
acute jiioecss subsided without am’ suigical pioeeduie 

t \si 0 A tl _\eu old III in iiitered the hospital with pun in the right hiice 
legion ol eight weeKs’ diirition Theie w is no piciioiis luston of osfeonuelitis 
lioentgcnogianis showed an aiea ot dense sclerosis in the lowei fci'ioi il shaft, con 
sisteiit with a sdeiosing osteitis of Gain' However, at operitioii a bone absce" 
(.iMtj, (entialh locited, w.is found and suieeri/ed Eight grams of «ulfathiarole 
were pi iced m the wound whieli was closed bj primar} sutiiie, and a cast was ap 
piled from the toes to the gioin The ciiltme fiom the abscess .vas Staph oiirtii'! 
The pificnt tlicn locoivcd 10 gr. of siiHathiazole a dnv for eighteen davs, which 
pioduced an nveiage Idood level of 5 6 ing, and also an anemia which required 
two transfusions Liglitocii divs after operation, slight drainage occiiiied, and 
lie was discharged walking with cuitchcs 

Eight montlis aftei the fust opeiation be was leadmitted and the persistent 
sinus tiact was excised Sulfatluazolc was placed m the wound, which was 
subsoquenth closed and has rcmnineil «o foi the last fifteen months 

Comment —Ji hone abscess ot the Icinui was fieatcd m a loutuie iiitin 
nev A second opeiation 011 the peisistiug sinus lesuJted m lie.aling 
The patient toleialed snlfatlnazole well 

Casi 10 — A tl veai old man had had acute lecunent osteomj elitis of the lower 
light femur foi tlie last tvvcntv two jears Pam, heat, swelling, and tendeiness had 
been pieseiit over the light lower feiinu foi the last six luontlis Nmetv grams of 
sulfadiazine weie given daih foi eight daxs befoie operation and for eighteen dajs 
aftcivvard, maintaining an aveiage blood level of S mg without leactioii Saiiceiiza 
tion was cained out and an extensixc cvstic aiea containing pus was found Pivc 
gi.aiiis of sulfathiazole weie placed in the wound befoie primary closure The cast 
was left on for five weeks aftei opei itioii, at winch time there was still sliglit 
diainage from the wound The cultuie at opeiation showed Stajih mireiis At eight 
weeks after operation sinus drainage was still picsent, but wo have been unable 
to follow this case 

Comment Saucciization was e.iiiicd oul 011 an extensive, old, ieiii- 

1 osteomyelitis widi sinuses poisistmg at eiglit weeks The delaved 
healiu" may* he due to the fact that sulladiaznie was used 

11— A 30 year old woman entered the hospital with a third flare up of 
Case H ‘ acutclj painful for three dajs Tiio original on 

osteomyelitis of tne mi. 



SOLITARY ECCENTRIC (CORTICAL) ABSCESS IN BONE 

R. C. Browx, M.D.,* Gkeen Bay, Wis., axd Ralph K. Ohormley, jM.D.f 

Rochester, 3Iixx. 

T he apparently occult nature of solitaiy eccentric (cortical) abscess 
in bone as seen clinically and tbc lack of complete agreement be- 
tween our experiences and those of others have prompted a review of 
the records of all cases in which patients suffering from cortical ab- 
scess of bone were seen at the Hayo Clinic over a period of ten years, 
including 1941. Besides the eases of cortical abscess on which data are 
given here, we reviewed the i-eeords of the eases of tuberculosis of 
long bones, osteitis of Garre,' acute and chronic osteomyelitis, Brodie’s 
abscess, = osteoma, and osteoclio7idroma. This was done for the reason 
that confusion with those categories not only is possible, but does oc- 
cur. Limitation to single lesions was self-imposed and not because they 
are believed to occur onlj' in this manner. They were seen with other 
lesions concomitantly, as chronic osteomyelitis. 

We are concerned vith single, uncomplicated lesions, which give rise 
to a rather definite sjnidroiiie, pur.sue a regular benign course, and are 
susceptible to complete surgical eradication. They occur in both the 
long and the short bones, being characteristically placed, lying within, 
subjacent to, or .superposed on, the cortex, occasionally in the neigh- 
borhood of an articulating .surface. The exciting center of the lesion 
itself is minute, not exceeding a few millimeters in diameter as seen 
both at operation and in the roentgenogram. It elicits a variable mass 
of reaction, dependent .seemingly upon the loeation with respect to the 
cortex and little affected by the age of the lesion. 


.''TATISTIC \L STl'DV 


Twenty-four patients were found to fall in this group. Their ages 
varied from 3 to .15 jenrs. Twenty-one of the total were distributed 
nearly cfiually among the first three decades of life, the variation not 
being .signifieanl. Six were from 1 to 10 years of age, eight were from 
11 to 20, and seven were from 21 to 30. The remaining three were in 
the fouitli and fifth decade.s. Tliere were ten female and fourteen male 
l)atients. Fifteen alisecsses were found on tiie light of the bodv and 

nine on tile left. 


Brodie’s abscess was ciicoiiulercd twenty-six times iu the .same period 
while t he osteitis of (iarre was found Iiut five timc.s. Tliere were twentv- 
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SCKGERy 


primary closure 'vvitliout drainage, all wound levels beiiic dusted with 
sulfatliiazole : and plaster inuuobilization. including tlie .ioint above and 
below the site of the lesion. - 

e. Postoperative ehemolhempy with oral sulfatliiazole for a period 
of at least two weeks. 

3. In seven eases saucerization was done. Five healed pronijitly. and 
two did not. Both refractory cases weie sensitive to sulfatliiazole. 

4. In five other patients saucerization was not done because of actively 
draining smuses without gross evidence of bone infection. All tlusc 
healed promptly with primary closure. 

5. If patients cannot tolerate sulfathiazole we have tried sulfadiazine, 
though we have had insufficient exiieriencc with it to report on its use. 
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SOLITAKV ECCENTRIC (CORTICAL) ABSCESS IN BONE 

R. C. Brown, M-D.,* Gkehn B \a% Wis , and R \lph K. Ghormley, M.D.t 

Rochester, IIinn. 

T he apparently occult nature of solitary eccentric (cortical) abscess 
in bone as seen clinically and the lack of complete agreement be- 
tween onr experiences and those of others have prompted a review of 
the records of all eases in which patients snffei’ing from cortical ab- 
scess of bone were seen at the Hayo Clinic over a period of ten years, 
inelnding 1941. Besides the cases of cortical ab.scess on which data are 
given here, we reviewed the records of the cases of tuberculosis of 
long bones, osteitis of Garre,‘ acute and chronic osteomyelitis. Brodie’s 
abscess,- osteoma, and osteochondroma. This was done for the reason 
that confusion with those categories not only is possible, but does oe- 
ciw. Limitation to single lesions was self-imposed and not because they 
are believed to occur only in this manner. They were seen with other 
lesions concomitantly, as chronic osteomyelitis. 

We are concerned with single, uncomplicated lesions, which give rise 
to a rather definite syndrome, pursue a regular benign course, and are 
susceptible to complete surgical eradication. They occur in both the 
long and the short bones, being characteristically placed, lying wdthin, 
subjacent to, or superposed on. the cortex, occasionally in the neigh- 
borhood of an articulating surface The exciting center of the lesion 
itself is minute, not exceeding a few millimeters in diameter as seen 
both at operation and in the roentgenogram. It elicits a variable mass 
of reaction, dependent seemingly upon the location with respect to the 
cortex and little affected by the age of the lesion. 


ST \TISTIC \E S rUDV 


Twenty-four patients were found to fall in this group. Their ages 
willed from 3 to >cars Twenty-one of the total were distributed 
nearly equally among the fiist three decades of life, the variation not 
being significant. Six were from 1 to 10 years of age, eight were from 
11 to 20, and scuen were from 21 to 30. The remaining three were in 
(lie fonith and fifth decades There were ten female and fourteen male 
[latienfs. Fifteen absce.sses weie found on the i-ight of the body and 

nine on the left. 


Brodies abscess was eiieounteied twenty-six times in the same period, 
while t he osteitis of tiarie was found but fi'.e limes. There were twenfv- 

for ilicn \pill lu 

il'o’m""""*' “ Oitlioei.lli .SUIKMX. riihir-ilv of Minut- 
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nine cases of periostitis definitely not in this group. Other possibly 
eontvsmg diseases, siicli as osteitis, oeeurred ninety-six times including 
sj-plulitic osteitis. The tibia and the femur ivere tlie most common sites, 
accounting for twenty of the patients in this group. The lesion was 
seen also in the fibula, the radius, the os caleis. and the patella. There 
u as no apparent predilection ivith respect to the site, as from proximal 
to distal portions of the long bones, three occurring in each of the 
thirds of the femur, and four in each of the superior and middle tliinls 
of the tibia, while there were three in the lower third of that bone. 

CLIXIC.IL PICTURE 

The clinical 2ficture is of a relatively mild but troublesome condition. 
Pain is observed constantly, being imrcly excruciating but often aching. 
There is a strong tendency to wax and wane. Exacerbations occurred 
commonly in changes of weather or when the patient stood for a long 
time or subjected himself to other unusual exertion. 

The patient’s localization of the pain is accurate to a high degree in 
most instances, the exceptions being in those cases in which the lesion 
is in the upper regions of the femur. In these eases conijilaint was 
made of pain about the lower or lateral part of the thigh or the knee, 
as is fairly common in other lesions about that region. Pain occurred 
at night and, when it did, was sharp, particularly among cliildren, who 
cried out and awakened. Nocturnal pain was also move common ns 
the disease process became older. 

Swelling was the next most common symptom, oceurrintr in seven- 
teen of the twenty-four cases. Tliis was more in the nature of a thiek- 
ening and induration and, when marked, ivas aceompanied )>y rcdnr.ss 
and increased heat. .Swelling is most common in tbe lesions of the 
middle third of the tibia, Atropiiy or .swelling may oeeiir in lesions of 
the superior j'egions of the femur, those about the ncek ehielly giving 
atrophy. 

A limp was present in eases of afi'ections about the joints, as in tiie 
neck or the lower part of the femur and in tlio superior thirds of tlie 
tibia, and. in a few insfance.s. in other bone.s. pnrtieidnrly in the ns 
ealeis and the patella. TIic apparent .age of tiie Icsitm seems- to have 
little to do with the limj). beintr present in one case for nim- years, and 
in another for but two mouths. 

The chronicity of the (•om})Iain( is .-.triiiim:. One patient bad bad 
pain for thirty-five years, anotlier for twenty-. seven year-, and a third 
and fourth for fen and nine years. On the other band, ope who bad 
1 peel his arm two montbs print- In e.xan/innf ion noted enutiminiis 
enlar-emeni for that period. AH of these <lisplay,d typi.'al findiric-. 

I’l " of the tivenly-four jialients had ef>m plained for a period of mie 
ElC'cn ‘ ^ jj.j.f,. SI «-ji before .six mojilh-. liiciit bad 

for from one to six year-, tbe r. maininv five from thn! 
v-fivc years. 


year <>r less 

complained 

time to fhirt 
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The physical findings are not remarkable. Thickening and indui’a- 
tion to palpation in those regions that nere accessible were found in 
most instances. Limping was found in those in which there were 
lesions near a joint. Kedness over the site of the induration was noted 
rarely. Jarring of the involved bone brought on increased pain only 
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inconstantly. I- ever tvas lotincl in onlj' one ca«e: the ora! tciiipeiatiiro 
was 99.6" F. 

ROEXTGEXOGK U>HIC FINDIXOS 

The roeiitaenolosie examination wn.s the greatest aid. the picture I'eine 
definite. The minute excitine lesion is characteristically seen, radio- 
Incent. located within or beneath the cortex, hut most commouly in the 
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osteoplastic reactive portion of the periosteum (Fig. 1). Here a word 
may he said about the interpretation of the roentgenogram. The ap- 
pearance, of the dark central portion as in Fig. 2 apparentlj' locates it 
as lying in the cortex, vhile in h’ig. 3 it is apparently superposed on 
the cortex. It must he evident that the projection of the shadows may 
account for the variation of the appearance to a certain extent. IIow- 
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ever, wc agree with others that the lesions do occur within and on 
eitlier side of the cortex. Reaction Avith the osteosclerosis occurs about 
the lesions uniformly and is the pathognomonic portion of the picture, 
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■n lit tibia of tthite man, aged 23 'ear’- 
Fiff. 4. — Ripht -1 T,, heat There nc\or an^ ^ nnhcolii** but no 



had struck the itt. 


•. fOPotric position. Relatively enormous elevation of t ic 
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disturbauce seems present m ery instance. Fig. 6 represents an un- 
usual patellar lesion. 

As one would expect, the organwatioii is dependent on the time the 
lesion has been piesent For instance, note Fig. 2 in comparison with 
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Fig. 3. Jn lliu latlcv, llie lesion has l)ccn present lor tn enty-seven yeais 
and has nndergone extensive organization, coni2jlete with the foimation 
of an a^iparenlly seeondary cortex, and ivith nioie or less lestoration 
of the original cortex. 



T o- who conipl»incil of 

Tiwiit nitclla of "I"tc woman, aged -i ' ‘ • TonslIIltH Biadtil - 

^?,e,e was some thicKci 

ntcrestiii- prohleni is ofieied in diagnosis, not only 
In Fig -1. standpoint, hot fiom the cluneal vicu point 

from the innncdiatels anses as to the p.esenee ot a 

as a Avholc. ^ • 



BROWN and GHORMLnY: 


CORTICAL ABSCKSS OF BONE 


549 


Ewing tumor. The visibility, however, of the minute radiolucent area 
apparently in the center, geometrically speaking, of the reactive por- 
tion suggests the differential diagnosis. This is the annular sequestrum 
of some authors. In Fig. 5 is seen the typical lesion in the neck of the 
femur, a .slight variation from normal. ))ut none the less recognizable 
by the .small radiolucent portion in the osteopla.stie I’eaetion. 


Klk', 7.— “Spcoiincn from ngrht tibia ot nhite boy, need 3 >oars, who had had pain 
and .swelling in the right b-g foi .-^ix month.*-. Swelling was increasing and pain de- 
creasing wlien tlio patient wa*? seen. He bad nocturnal pain, awakened, and cried 
out. Swelling .and reddening will, tendcrne^s were present. The specimen is char- 
acterized by chronic fibrous tissue, obliteration of vessels, and scattered giant cells 


Not illustrated l)ccau;.c it seemed impossible to reproduce was a 
lesion .sluuving in tlu> Inwer portion of tlic radius of two months’ 
duration. Here was seen the architecture of those shown, with this 
difference, that the density was imicli Jc.ss and the cortical portion 
itself and the medulla liad nndci-gone little change. The small .shadoiv 
of decreased density was located definitely without the cortex and 
entirely Avilhin tlie area of ])crioslcal reaction. This ivas interpreted 
as an early lesion for the .same rea.son that the patient shown in Fio- b 
is believed to have a late le.sion beeaii.se of the e.xtensive organization 
In eases of early lesions overexposure of the roentgenogram mav be an 
aid in obtaining more sinnifirant material. 

I’vTiioi.oiiV 

The pathologie pictuiv i.s one of ehronie inflammation, q’his is in dis- 
tim-1 coni radiet ion to the uork of .laffe. • '• •• whose e.veellent pre.senta- 
tioiis imisl he eoiisulled by anyone interested in these lesions. Fourteen 
of the twenty-four patients seen were submitted to surgical correction 
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Fig, 8. — Specimen from left tibia of white girl, age<l 5 years, who had complained 
of pam in the lower part of the left leg for three months. Ten months previously 
she had a "boir’ on tlie upper outer portion of the left leg. She was said to have 
had a low degree of fever. A culture of Staph, anreiis was obtained at operation, 
Tlie lesion was seen surgically as 2 c.c. of purple granulation tissue, corresponding to 
the location in the roentgenogram. Microscopically, it was characterized by polv* 
morphonuclear infiltration in fibrous tissue (XI-IS). 



A cr>r.oinien from right tihhi of m.m. aged 20 ^^hn rotnplaintd 

jTig. 9. Redne.«‘' wa.s orra.‘«ionalIy pre*?ent. S.\ni|)toMis occurred with 

oi pain and ^^cks afforded some relief. Vaiicositlc^ \\eie jire.-int hllnterally. 

ititermlsswa?. ^ rUnritcterizod bv dense regions of necrotic iione in ciuonie /li»roU'* 
S 5 l.,fS 1 ca«ire<l round cell inllUration (XT3). 
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In Icii cases the. lesions were seen inicrosenpically I)y the ])a(.liologis( as 
“clironic inllaninialoi'y tissue.” KevicAr ot! lliese sections revealed the 
picture as seen in ]’'ip:. 7. typically chi'onie tihroiis inflammatory tissue 
with a few scattered siant cells and scattered collections of round cells. 
Obliteration of the vessels as .shown here Avas avcH marked in all of 
these sections. Instances, as in Fijr. 8, Avei-c also observed in Avhich 
there Avas infiltration of polymorphonuclear leucocytes in fibrous con- 
nective tissue. Fig:. 9 illustrates the destructiA'e nature of the lesion, 
old necrotic bone seen in a field of ehronie inflammatory fibrous ti.ssue 
a!id scattci'ed round cell infiltration. The roentgeJiogrnphie findings 
in these cases Avere typical. 


TREAT.AIK.VT 

The treatment of these patients Avas not uniform. Fourteen Avere sub- 
mitted to operation. These obtained definite I'clief. One AA-as giA'cn 
roentgen therapy and AA'as much improA-ed a year later. One AA'as adA'ised 
to undertake rest in bed and aaos improA-ed both clinicall}^ and as seen 
by roentgenogram on repeated examinations. The final results are not 
yet determined in this case. Surgical excision is the procedure of 
choice, offering the best a.ssui'anee of relief. llemoA'al of the exciting 
portion is sufficient, only a small region being attacked. Further proof 
of the necessity of surgical intervention is found in those patients seek- 
ing relief, nine, ten, tAventy-seven, and thirty-five years after onset. 
The operation is comparatiAmly simple, exception to this statement 
being taken in tAA'o eircumslances, first in those in AA'hich lesions are 
present in the neck of the femur and such places as the patella. There 
are perhaps others as difficult for this reason, but not yet encountered. 
Second, it is bj^ no means Avith nnpraeticed marksmanship that one 
approaches accurately these lesions, minute as they may be and lying 
in the dense armor of bony tissue overlying them. Possibly, roentgen 
therapy may offer some benefit. The impression is, hoAvever, that the 
results AAull not be comparable to those of surgical excision. 

COJIJIENT 

Discussion of the causation has been aA’oided purposelj^ to this point. 
Examination at necropsy of the external portion of these lesions failed 
to reveal any findings conforming to the usual picture of a ncAv groAvth 
The results of inflammation Avere evident in all of the tissue reAueAved 
In spite of the fact that in only one of these cases Avas there measurable 
fever, it is felt that inflammation is the basis of the lesion. Despite 
the fact that the patient seeks the dramatic curtain raiser for the 
onset of his complaints, nine of the patients in this group, or approxi- 
mately a third, accurately noted that a fall or a bump, or, as in one 
instance, a puncture Avound from a nail in the heel initiated the pain 
In one ease a bump to the forearm caused SAvelling, Avhich had never 
subsided during the two months’ inteiwal between the bump and the 
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posed to nine on the left, and tliei-e was also a slightly greater nnmher 
of male patients. One has the impression of a small lesion being ovei’- 
whelmed by massive defensive mechanisms apparently present in the 
region of the cortex. 

SUJIMARY 

Data on twenty-fonr additional cases of eccentric minute lesions of 
hone (cortical abscesses) ai’e presented. The following observations sup- 
port the hypothesis that the condition is due to trauma or infection 
rather than tumor. 

1. Microscopic evidence of formation of tumor was not seen in four- 
teen of twenty-four cases in which specimens were examined micro- 
scopically. 

2. Definite destructive and inflammatoiy changes, not only of a 
fibrous nature, but also of a more acute one, were observed. 
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oxaniinalion. ll was in tins instance also that the early lesion pre- 
viously alluded to was seen in a roenlivenoprain. Eight of the patients 
ol this report had had a previous focal infection such as chronic cer- 
vicitis, tonsillitis, a boil, typhoid fever or, as in one, a swollen painful 
knee (not the patellar lesion). 

It is realized that both trauma and focal infection are not proved 
easily. However, two-thirds of all our cases may he accounted for as 
due to trauma or infection rather than to a neoplasm. Add to this 
that two of the ]mtients had had their disease for twent.v-seA’en and 
thirty-five years, and one feels that it more nearly follows the general 
picture of low grade inflammation than one of new growth as has been 
presented b.v Jaffe. The findings, as in Fig. 3, tend to support this view. 
Stajyhi/Iococcns aureus was found in two cultures and micrococcus Avas 
found in two, all taken from the tissue at operation. Neither the age of 
the patient nor the duration of the disease apparently plays a part in 
the ability to find organisms. In the two cases in which staphylococcus 
Avas found the patients Avere at the ages of 5 and 22 years. The esti- 
mate of duration Avas ten and tA\'o and one-half months respectively. 
IMierocoecus Avas found in patients aged 3 and 15 years, the duration 
of the symptoms being six months in the first case and five years in the 
second. Fig. 7 is from the former patient. Fig. 8 is from tissue of the 
patient aged five years Avith the duration of ten months. 

No patient Avas included in this series aa'Iio had a knoAA’ii concomitant 
bone lesion. That cortical abscess occurs in instances of chronic osteo- 
myelitis is Avell knoAvn and has been commented on repeatedly by 
Phemister."’ ■’ ® We agree Avith others in distinguishing this lesion 
from osteomyelitis of Garre, AAdiich is a sy mmetrical lesion in its roent- 
genogram. The eccentric position seen here is not present. Tavo roent- 
genologic ijrojections should serve to distinguish the lesions. 

Specirlation as to the compaimble frequency of Brodie’s abscess seen 
in this revicAV is possibly not fruitful; hoAvever, the similarity of the 
number of oeeurfences and of the iiathologic pictures suggests that 
this may be the cortical counterpart of that lesion. Great poAvers for 
organization of defense are present in the cortical region, AA’hich is evi- 
denced by the massive reaction as seen both roentgenographieally and 
at operation. Further sui^port may be gained from the fact that pre- 
vious infection and previous trauma occur in approximately the same 
percentage of patients aa'Iio have the disease. 

One realizes that trauma is difficult to reconcile AA'ith lesions in such 
sites as the neck of the femur and those ])ortion.s of the tibia opposed 
tl * fibula IIoAvevcr. in no case of IcsioTi of the femoral neck Acas a 
f external force elicited. In (Jiosc cases in which it wiis rc- 
history o - occurred in the tibia six fimc.s. in the I'adius once, in 
corctecl, jniddlc .segment of the femur once, all 

the os caleis > ‘ force. Fifteen oecui-red on the right as oj)- 

vegioiAS accessible to ant 
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scopic studies which I desired, but was very kind in helping me locate 
someone who could do this for me. Some of the technical requirements, 
•as will be later shoum, were of considerable magnitude. Ernest 'W. 
Goodpasture, professor of pathology of Vanderbilt University, very 
kindly consented to aid me and made the microscopical sections, photo- 
micrographs, and pathologic studies in this repoi’t, for which I am very 
grateful. 


Case 1. — A white man, J. J., a carpenter, aged 65 years, short, robust, obese, 
came to me Jan. 10, 193S, for repair of a ruptured supraspinatus tendon which he 
had received from an injury to the left shoulder when a scaffold fell with him on 
Bee. 7, 1937, causing the point of the shoulder to strike a board on the ground. 
Operation was performed May 16, 1938. The supraspinatus tendon was exposed 
by a straight Codman incision downward from the acromial process of the scapula. 
The avulsion was so great that I decided to attempt reconstruction by fascia lata 
sutures. An incision six inches long was made through the skin and subcutaneous 
fat on the lateral surface of the left thigh, and the fat brushed aside with the 
knife, exposing a clean surface of strong fascia lata two and one-half inches wide, 
the full length of the incision. Two strips of fascia each one-half inch wide and 
six inches long were removed. These fascia lata sutures were passed through drill 
holes beneath the superior facet of the humerus and anchored to the avulsed end 
of the supraspinatus tendon with black sUk. The wound was closed in layers with 
00 plain catgut for the deeper layers and fine dermal for the skin. The arm was 
maintained in abduction. 


On the sixth day infection was apparent in the deeper parts of the wound, but 
not in the skin. On opening the lower angle of the wound a large amount of thick, 
purulent material was evacuated, and in it were some silk sutures. All of that 
stock of silk in the operating room was cultured and found to be contaminated 
with a hemolytic staphylococcus. The wound was Bakinized and the infection sub- 
sided in a few days after all the silk sutures came away. I then realized that the 
operation was a failure. The arm was carried in an aeroplane splint and frequent 
physiotherapy was given the extremity to prevent further atrophy until Jan. 10 
1939, when a second operation was done for the repair of the tendon. 

I was compelled again to use fascia lata because of a greater defect than before 
in the musculotendinous cuff, and decided to open the same incision on the thigh for 
the fascia. I found that the two margins of the fascia lata had spread apart three 
inches in the center. Much to my surprise and amazement, connecting these two 
margins of full thickness fascia lata was a smooth layer of fascia wliich com- 
pletely covered and obscured the muscles and appeared to be one-half as thick as 
the original fascia lata, or one-half as thick as the fascia margins. An incision 
was made along the lateral edge, in order, to take some full thickness fascia lata for 
this operation, and in freeing the regenerated or new fascia lata from the old I ob- 
seiwed that this new fascia was a real layer with the thickness of a thin kid' glove 
and was not more adherent to the muscles than was the normal fascia lata I 
realized that it could have been used for sutures as well as normal fascia lata had 
it been double or had the strips been taken twice as wide and folded one side on 
the other. I was so intent on the operation before me that I neglected to nhoto- 
graph this new fascia, or to take sections for biopsy. The following day I realized 
that I had found something I Imd not knorni before, and my curiosity was aroused 
to see if this regeneration might occur on other patients from whom I had remoCed 
fascia lata for various operative and plastic procedures. It was mv ulenc. -n • 
a few months to have the opportunitj' of exploring the second case ' " ’'e ''vi un 
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Prelijiixary Keport 

J. C. POSHEE, JI.D., P.A.C.S., Grand Eapids, Mich. 

(From the Department of Sitrgenj, Butterworth Bospital) 

'"T’HE purpose of tlii.s eominunieation is to show what happens to the 
fascia lata defect when a part or all of the fascia lata is removed in 
the performance of certain surgical operations. 

I beg indulgence of the editors and the readers that I may be per- 
mitted to relate briefly- tlic incidents which liave led me to use fascia lata 
in many types of surgical procedures for sixteen years and the manner 
in which I came to discover what occurs in the defect from which the 
fascia lata is removed. 

It was my good fortune and great pleasure to attend the clinic given 
by the late Dr. Scrimger of Slontreal to a group of surgeons at the Koyal 
Victoria Hospital during the meeting of the American College of Sur- 
geons in 1926, at which time he demonstrated by operation the use of 
living fascia lata transplant sutures for tlie repair of inguinal hernia 
according to the technique of Gallic and Le Mesnrier.’’ - Tlie day of my 
return home I had to repair a large direct inguinal hernia in a woman. 

I used fascia lata for sutures, as I had seen it used by Scrimger, witJi 
special needles which I had brought from Montreal. 

Since that time I have used fascia lata transplants in all recurrent 
inguinal hemias which I have I'cpaired, all large inguinal hernias, direct 
and indirect, with wide internal oblique and transversalis aponeurosis 
defects, almost all incisional hernias, and all the large true ventral her- 
nias. Earlier, I used fascia for the sutuilng of bones in some eases in 
which open operation seemed indicated to maintain the reduction of 
fractures, but soon gave that up. I have used it in operations for ar- 
throplastj^ ligament replacement, and tendon repair. It was in one of 
the latter eases that I was fortunate enough to discover what happens 
in the way of spontaneous replacement of the fascia lata when 1 had 
both the privilege and chagi-in of being compelled to rcojicrafo upon a 
patient for repair of a ruptured supraspinatus tendon, the first operation 
being a failure. Since that time J have had the pleasure of dissecting 
out and seeing for myself, as well as for my a.ssociatcs, that wliieli 
occurs in four more instances. 

Except in Ca.se 1, I had photogra])hs made of the regenerated fascia 
d rine- and after removal at operation. W. P. L. McBride, the iiatbolo- 
^^t of our hospital, was not e(|uipj)ed to do some of the technical micro- 

tor puWieotion. .Ion. M 
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been joined by suluie, and o\tcn«i\o libioiis tissue iiiolifeiafion similar to a keloid 
formed tbe union (Fig. 2-1). I lemovcd a specimen from this seal. Sections uere 
cut before I could explain to out patbologiot nij dcsiie to bare it sectioned tians- 
rciselv. I believe it nas cut obliijtielj and it sbous too thick laveis -nith much 
proliferation of fibioiis ti'-siic and niiiiieioiis blood vessels. The middle longitudinal 
layer is piobably absent in this aica of legeiieiation (Fig. 2B). 

Noav, having observed these two patients, I was determined to look 
further at the fascia lata of patients from whom I had removed living 
sutures and fascia grafts. 



A. u. 


Fig. 1>. — 4. Dense line ot union fiom -V to 1' ot fascia lata as though it had been 
appioximated by sutuic B. Two ib use ln'cr.v of icgeneiated fascia lata form the 
union. (X4") ) 

C.\SE 3. — A white man, C. K., aged 4b yeais, medium build, slendei extremities, 
was leferrcd to me on Jnn. 2(5, 1939, for the lepaii of a vential hernia. I per- 
f 01 mod the operation foi the cuic of the hernia on Jan, 2S, 1939, using three living 
fascia siituies one half inch by seven inches winch were taken from liis right thigh. 
The patient was called to my office on June 25, 1939, and I persuaded him to let me 
reopen his thigh to too what had hajipencd to the fascia lata defect. He kindlv 
consented, and four davs latei 1 exploied the defect by excising tlie old scar in 
the light thigh foi a distance of «ix imhes. When the skin and subcutaneous fat 
wcic freed ftom tbe fascia lata there was fmiiKl a complete union of the margins 
of the fascia lata at tbongli tlie two C'lgot hail been sutured together (Fig. 3A). 
And this lidgc of union tlie length of the incision was twice at thick for a breadth 
of three quarter incli as was tlic la--i la lita anvwliere eKe, quite identical to Case 2. 
A block of fascia two indies long was secured fioiii tlie middle region of this sear 
taking .sumo of tlio normal fa^cm on each side f Fig. 3B). The wound was closed 
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The Instologic study of fascia iata is so interestiuo- and pertinent to 

oimal fascia lata lieforc proceeding ^uflier willi the next ease report. 
F 1 shows normal fascia Jala to luive three distinct larers; a middle 
ongitndnial layer whkh is ti.c stronger one, and two transverse lavers, 
the outer and inner layers wliich are the weaker ones. Both together 
equal or surpass the middle one. Further explanation is found under 
tlie heading Comments. 



Case 2. — A white man, L. IT., ageil -12 jcai-i', tall and .“ileuder, reported to me 
on Aug. 13, 1939, with a right direct recuriont inguinal hernia whicli I had repaired 
with fascia lata sutures taken from his right thigh on Now 21, 1037, according 
to the technique of Gallic and XiC !Mesuricr,i. 2 using two .strips of fascia lata each 
jive-eightli incli wide and six inches long. Tlic patient had a cleft palate and a 
chronic upper respiratory infection. In spite of the ii.siial prcemitions following 
the first operation he developed an acute respiialory infection and a distrc'-iing 
couoh the fourth day, which continued for ten days. This na.s jirohaldy the lm«in 
for'the recurrence of the hcinia. Operation iwis .agaiii jicrformed on Aug. Ifi, 19.39. 
n pning the right thigh through the old incision for removal of more fascia, 

1 that the two margins had not reti.acted as in Case 1, hot the two margins 
^ 't'l from one end of the iiici~ioii to the otli.w. The line of union of the 

were rcu ^ gave the appe.arance (hat the fn'-cia margin'- had 

two margin.' was . 
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Figr. 3(7. — Cross-section line of union. There is a margin of normal fascia lata 
on the left with its thiee la.'ers. All tissue to the right is made up of the inner 
and outer layers and lepresents legenerated fascia lata, the middle longitudinal lajer 
being absent. (X4D.) 



Fig. 'lA.— Sill face \levi of regenerated fascia lata. 
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ill luyoi't! iintl u tight pressure bimilage applieil. Seutions anti pliotnaricrograplis 
iiiiidc by Goodjiasturc show (Fig. 3C) at the extreme left a small area of normal 
fascia lata rrith its three laypr.s. Extending across from that is a dense body of 
fibrous tissue which appears to be the extension and iiroliferation of the inner and 
outer transverse layers which fuse into one. The normal fascia on the other side 
docs not show on the right since none was taken with tlie specimen at this level. 



Fig. 3A.-Dense layer ot fascia between tbe two skin hooks is the 
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in obtaining the sutures. This regenerated fascia iata liad the identical gross 
appearance of that in Case 1, not more attached to the subcutaneous fat than tvas 
the normal fascia lata, and loosely attached to the muscles by occasional fine trabecu- 
lations as is found in normal fascia lata. 



Fig 4C —Smooth \a‘!tus muscle shows beneath, umbsturbed. 



At this stage of tlie investigation it nas appaient that I had observed 
two different wa>s in which fascia lata regeneiated In the two slender 
patients there was apparently no scpaialion of the fascia edges, for thev 
leunitcd togethei .snugly; wheicas in the two obese, robust, and miiseu- 
Inr patients there was a wide sepaiation of tlie fascia lata edges, but the 
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Case 4. A -nliite ^^oman, L. H,, a liouseaife, aged Go years, robust, obese, upoa 
ubom I bad.pojformed the operation for file cuie of ventrai iiernia Aug. JS, 1940, 
using three stiips of fascia lata fne eightli incli by eight indies for sutures, re 
ported to me at my lequest on May 2, 1041, at uliich time I explained to her uhy 
I desiied to explore her thigli at the site from ahich I had lemoved tlie fascia lata. 
She readily consented, and on May 5, 1941, under local anesthesia, the old scar on 
the right tliigh nas removed by excision; tlie skin and subcutaneous tissue nere 
dissected back to free nidely the fascia below (Fig. 4A). The medial border of 
the fascia lata liad leti acted to about the midline of the thigh. Tlie lateral border 
had retracted externally, enough to make an opening four inches wide in the middle. 



j.,g. 4B . — Transieisc 


flap of fascia hita »;> 1 cm. 

at the toi> between the two htnio'^tnls 


norm.il fa^clfi Inta 


This elliptical defect throughout its entire length nas completely Idled m l>\ a iieu 
of fa'oia lata. graMsh white, glistening, and sninolli in iipjK-irnm e, and i 
’‘^'“'onelmif the tl.icknes^ of the normal fimcia lata. A block three imhe. b^ Ibe 
,vas removed tranMCr^eU across the thigh, taking one half 

incies 0 ‘ ^ fa'Cia lata from the iiieilinl edge (Fig'-. IF. IF. and IF). It was 

inch of the no 

impossible to cu clo-e to the border of the rcctiii feniorm mmcle 

it had been remoted exic 
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niforvciiiuK c]('f(‘C'( was covered l).v fascia lata wiiicJi was thinner than 
normal fascia lala. Hxccj)! for lliis, it had all the "ross characteristics of 
normal fascia lata. 

1 then (Iccidcil (hiit 1 slioiihl Imvc ctof-- .«e<:tion microscopic studies made in tan- 
dem of tins entire speeimen eiil on cd/;e. I found it very diffieult to find a patholo- 
gist ylio \\oid<l or could do fhi.s, hut when I ueni to Vr. Goodpa.stnre uith the 
ttross speeimen and my jirohlem, lie quickly found u way to do it. TIic specimens 
nnd I'liolomierograplis are a work of art (Fig.s. 4^, -IF, and 4G). They show 
that in all prohahilily it is flie outer imd inner layers of fascia lata which regen- 
erate and e.'cfend hy eontiniiily across the prccioii.s defect. Fig. 41T, made at a 
different le\el from 4TC, shows clearly the tiirce layers of normal fascia lata in tlic 
left two-diirds, wlieroas, in the right third it slions only the inner and outer layers 
whieli extend uero“s to form the hegimiing of the regenerated fascia lata. 

If wo ussuiue that the inner layer has hy accident been tom away from the iimer 
lialf of ■If;' [lad is shown curled hack in the right half of 4F near the middle, then wo 
feel cerlidn that -Ifv’ would also .show the three distinct layers throughout its breadth 
with the middle longitudinal layer extending nearly halfway across and being very 
dense. The external la\cr c.xtcnds directly across from 4F and runs in continuity 
to the cad of the specimen in 40- the inner layer which starts from the curled-up 
jiortion in Fig. 4F extends straight across in continuity throughout the length of the 
specimen through 4G. There is some adipose tissue on the outside of the upper 
layer and each layer has its own blood vessels nnd mueh intervening collagenous 
fibrous tissue. 



^ .;_A white male, E. T., aged 35 .yeais, a college professor, medium build, 

CASE 5. ^-hom 12 years before I had removed all the fascia of tlio 

slightly adipose, of "a knee aitliioplasty on his brother of the same 

right thigh for j thought the brotlier liad no more fascia lata of Ins 

blood group- t^yo previous arthroplasties which I had performed, 

tpyn available, because ot tne J 



.sui«:i:i:y 
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I’or ill hO (loiiin I liiiil iimih>\lm1 IIh* fa*-ci:i liifa fimii liodi of liis tliif'lis. I c\plaineil 
Illy ]p|ir|)o^(' ill ilcsiiin;; to oxiilorc tlio tliijjli of tin* profc'-sor to dotermiuc uliat had 
oceiirrod. lie coii'-oiitcd, iiml on Hojit. 27 , I'.tll, under local anc'-tliesia, I made a 
tliiee ineli incision in llie middle of llie old fuehc incli incision, and after freeing 
the ('nliciitaneoiis fat t found a 'distinct, sniootli, and firni fa»cia lata. By dissecting 



KiK. .'t/J.— No heiniation of tlie muscles, although all fascia lata ^^as removed tnehe 
^ years before. 



dpasture) (X22.) 

eiy to either “":h:s ^ 

lalire , ti,e maigins fiecd fiom the muscles in 

ised longitudmall.^ . , attached to the thigh muscles as is fascia 

5J and fas three fouiths as thick as a nelldeieloped 

many by fine trabeculations^^ ^ ,,ave ^cn 

er of normal fa®^' ‘ singly jn an emerpnej . ( 

-ellent for n''‘''''°P^'‘fVnseia lata for sutuies in apparently normal patien 
I have removed ta 
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whom the fascia lata was no thicker than the legenerated fascia lata in this case. 
There was no herniation of the muscles (Fig. aV). Sections and photomicrographs 
of this specimen (Fig. 5F) show two distinct layers with their respective blood 
vessels and adipose tissue. Goodpasture notes that the stain ndth aniline blue shows 
the regenerated fascia is composed of collagenous fibrous tissue similar to, though not 
as dense as, that in normal fascia lata. He also makes the point that the .specimen 
appears much more substantial grossly than microscopicall}'. 

COJIMENT 

Nothing can be found in tlie literature concerning what liappens in the 
defect created by the removal of fascia lata. Gallie® makes the state- 
ment that one often wonders what the late effect may be of removing 
strips of fascia lata from the thigh, and admits that although he always 
sewed up the rent made by the removal of the living sutures, he could 
find no functional difference in his patients and those of his colleagues 
in whom the edges were not sutured together. He states that if the 
fascia is left open one can feel the edges widely separated, and tbere is 
a definite bulge of the vastus muscle through the opening, but there is 
no discomfort or noticeable loss of strength, and it does not seem to mat- 
lei- whether the fascia is closed or not. He makes no suggestions, how- 
ever, as to the possibility of the regeneration of the fascia lata to fill the 
defect. 

I have removed fascia lata from about 300 individuals. I have occa- 
sionally noticed a bulge of the vastus muscle for a few months, but after 
six months it has disappeared in every patient that I have been able to 
follow up. 

As for the reason for this regeneration, none can he given except that 
of mechanical demand. Gratz'' points out that while fibrous tissue is 
found in greater or lesser degree in all organs, it predominates in cer- 
tain locations, and where support is tlie chief function, fascia develops. 
It would seem then that when fascia lata is removed and herniation of 
the muscle occurs, there is demand for more support, and the fascia 
la(a regenerates in reply to this demand. The extent of the regeneration 
of fascia lata can best be determined by comparing photomicrographs of 
Ihe regenei'ated fascia of Case 5 with normal fascia lata (Fig. 1), of J. M. 

Klcinsehmidt’s hi.stologie studies'' on the free transplant of fascia 
lata of rabbits gives more light on what may happen in the way of fascia 
lata regeneration in man than anytliing I have read. He showed that 
normal fascia lata contains three distinct layers, each within its own 
sheath and its own blood vc.s.sel.s, and the three within a common denser 
sheath. The middle layer is the strongest and runs longitudinally. The 
inner and outer layers arc weaker and tlieir fibers run transver'selv at 
an angle of DO degrees to those of the middle layer. This arrangement 
accounts for tlic fact that tlie iireater tensile strength of fascia lata 
is lengthwise. Kleinsehmidt also .showed tliat if fascia lata was trans- 
planted into a (luadrieeps defect with the thielter longitudinal fil')cvs 
placed transvci'soly to the long axis of the tiiigh muscles and tlie two 



5G8 


SURGERY 


Inyevs of Iran.svprsn fibers were made to assume the longitudinal pull, 
llicn Ibe hvo transverse layers at the end of three months grew in thick- 
ness and strengtli to the extent that they were like a tendon or aponeu- 
losis, uhereas the i)roviously strong longitudinal fil)ers atrophied. He also 
showed that if a trans])lant of laseia lata was sutured into a quadriceps 
defect with the longitudinal fii)ers remaining lengthwise, those fibers at 
tile end of three montlis became stronger resembling a tendon, ivliereas 
tile transverse fibers almost disapjieared. And by other e.xperiments 
with rabiiits he showed that if fa.scia lata was taken up and replaced 
in its normal position witli the one la.ver of longitudinal fibers inuining 
longitudinally and the inner and outer layers transversely there would 
be no eliangc at the end of tliree months in any of the layers. 

In another treatise liy Kleinschmidt® on the clinical application of 
free autoidastie fascia lata transplants in man, he utilizes to great ad- 
vantage the information gained from his animal experiments in placing 
the fascia lata tran.splant so the stronger longitudinal fibers ■would be in 
ju'oper jiosition to take up the greater tension required of the trans- 
])lant. lie further .stated that removal of fascia lata in the human 
being never left any functional defects, and besides, w'hen any great 
amount -was removed, as is often necessary in certain operative pro- 
cedures, resuturing of its margins -ivould be impossible. In some eases 
ho noticed a lemi)orary muscle bulge in the thigh -ivhich disappeared in 
a short -while. 

It will now' be seen that the conclusions from Grata’s -work on animals 
are similar to the conclusions reached by Kleinsehmidt, also ■n’orlring on 
animals. And they explain in a measure the findings of the fascia lata 
I'Cgeneration of the cases in this report. 


In Cases 2 and 3 the fascia lata margins at the time of operation were 
separated too much for approximation by suture, .vet they approximated 
themselves by dense fibrous tissue formation in a fashion in order to form 
such a close line of union. It is my belief that the strong, longitudinal 
pull required of each fascia margin had a tendency in these slender 
muscular individuals to pull together as -would the strings of a rioUn 
when made taut. We can liken it to the self-approximation wdiich often 
occurs in the midline of the prethju-oid muscles following partial th.v- 


roidectoniy -ivhether they are sutured together or not. 

The explanation for the regeneration of fascia lata in the obese pa- 
tient in -which the fascia margins are further separated by the bulging 
vastus muscle is another story. And so it is with the fascia lata regen- 
eration in the individual from wdiom all the fascia lata has been re- 
eved This constitutes the most interesting part of the study. I be- 
r it is the inner and outer transverse layers that regenerate. This 
iims reasonable in the light of the knowledge gained from Klein- 
^ f -af wnrl' and from the study of the microscopic seetmns presented 
schmiQt ^ appear tlmt the chief function of these two 

in tins repoi . the separated fascia margins in Cases 1 and 

layers would oe w 
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4, but in Case 5 no explanation at this time seems feasible that would 
omit any layer. I hope in a future report to clear up some of these 
questions. 

CONCLUSIONS 

1. Fascia lata regenerates to fill the defect from where fascia is re- 
moved. 

2. In the thin or slender well-muscled individual the fascia lata mar- 
gins approximate to close the rent by rapid and thick formation of 
fibrous tissue which is in all pi’obability derived from the inner and 
outer layers. 

3. In the adipose patient the fascia margins retract further and per- 
haps for a short time allow a theoreetical muscle herniation through 
the rent, but verj" soon the defect is filled by a new fascia lata one-half 
the tliickness of the old fascia lata. This is thought to be the regenera- 
tion of the outer and inner layers of the true fascia lata. Further study 
will be made in a subsequent report. 

4. 'When every iota of fascia lata is removed, new fascia lata of from 
one-half to two-thirds the thickness and tensile strength of the previous 
fascia lata regenerates to cover the whole area normally covered by 
fascia lata, and it may well be used again for fascia sutures and trans- 
plants. 

5. This regenerated fascia lata serves all the purposes of true fascia 
lata in making a sleeve for the muscles and preventing herniation. 

6. To know that fascia lata regenerates as shown here should encour- 
age military surgeons to use fascia lata fi’eely when needed in the great 
amount of reconstructive surgeiy that necessarily will be required for 
tlie injured men of our armed forces. 


To Dr. E. ^V. Goodpasture I am indebted more than words allow me to express 
very valuable work iu preparing these specimens. 1 am also deeply grateful 
to Dr. J. B. "IVilkes of my staff who aided me in compiling information and bibliog- 
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layers of transverse fibers were made to assume the longitudinal pull, 
then llie two livinsverse layers at the end of flirec months grew in thick- 
ness and strength to the extent that they were like a tendon or aponeu- 
rosis, whereas the previously strong longitudinal fibers atrophied. He also 
showed that if a tran.splant of fascia lata was sutured into a quadriceps 
defect with the longitudinal fibers remaining lengthu-ise, those fibers at 
the end of tlirce months became stronger re.sembling a tendon, whereas 
the transverse fibers almost di.sappeared. And by other experiments 
with rabbits he showed that if fascia lata was taken up and replaced 
in its normal position witli the one layer of longitudinal fibers running 
longitudinally and the innci' and outer layers transverselj' there would 
bo no change at the end of three months in any of the layers. 

In another treatise hy Klein.sehmidt® on the clinical application of 
free autoplastic fascia lata tran.splants in man, he utilizes to great ad- 
vantage the information gained from his animal experiments in placing 
the fascia lata tran.splant so the stronger longitudinal fibers Avould be in 
proper position to fake up the gi’cafer tension requii'ed of the trans- 
plant. He further stated that removal of fascia lata in the human 
being never left any functional defects, and besides, when any gi’eat 
amount was I'cmovcd, as is often necessary in certain operative pro- 
cedures, resuturing of its margins would be impossible. In some cases 
ho Jiotieod a temporary mu.sele bulge in the thigh which disappeared in 
a short while. 

It ■w’ill now be seen that the conclusions from Gratz’s work on animals 
are similar to the conclusions reached by Kleinschmidt, also working on 
animals. And they explain in a measure the findings of the fascia lata 
regeneration of the cases in tliis report. 

In Cases 2 and 3 the fascia lata margins at the time of operation were 
sejjarated too much for approximation by suture, yet they approximated 
themselves by dense fibrous tissue formation in a fashion in order to form 
such a close line of union. It is my belief that the strong, longitudinal 
pull required of each fascia margin had a tendency in these slender 
muscular indiAuduals to pull together as would the strings of a violin 
when made taut. We can liken it to the self-approximation which often 
occurs in the midline of the pi'ethyroid muscles following partial thy- 
roidectomy whether they are sutured together or not. 

The explanation for the regeneration of fascia lata in the obese pa- 
tient in which the fascia margins are further separated by the bulging 
vastus muscle is another stoiy. And so it is with the fascia lata regen- 
eration in the individual from whom all the fascia lata has been re- 
ed This constitutes the most interesting part of the study. I be- 
"t is the inner and outer transverse layers that regenerate. This 
ms\easonable in the light of the knowledge gained from Klein- 
seems study of the microscopic sections presented 

schmidt s wo , appear that the chief function of these two 

in this repoi , the separated fascia margins in Cases 1 and 

layers would be to leiu 
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These reports indicate tiiat renal failure from .snlfonainides is not 
dne necessarily to ol^strnction of t!ic renal or nrcteral channels hy 
crystals but may be due to another factor which may be toxic in nature. 

The measures used in the treatment of renal complications are the 
withdrawal of the drug, alkalinization, forcing of fluids, by mouth or 
parenterally, and local heat or diathermy to the kidneys. One should 
guard against allei'gy or hyjiersensitivity when using the drug. When 
these simple methods fail, the treatment has to be more drastic. It is 
then that ureteral catheterization is done for the purpose of washing out 
tlie concretions if present. However, when the renal complication is of 
the toxic type, the ureteral catlieterization and washing of the kidney 
pelvis often does little if any good. It is in a case of this type that 
surgery offers the patient a chance of recovery, as it does in other eases 
of nephrosis which are reported. 

Since the advocacy of decapsulation by Harrison, in 1896, and by 
Edcboh!s,° in 1898, a large number of eases in which decapsulation was 
performed has been reported. Many of these have been done for acute 
nephrosis with anuria. The causes of the nephrosis are many. The de- 
capsulations have been unilateral and bilateral. At times a nephrotomy 
also has been done. 

The following is a case liistory of a patient suffering from anuria, com- 
plicating the administration of sulfathiazole. The condition became 
desperate due to what appears to have been a “sulfa-nephrosis.” 

G; S., nged 44 .veais, ivas admitted to St. Louis City Hospital, March 1, 1943, with 
a eliicf complaint of inahility to urinate. Two and one-half days previous to ad- 
mission !ic was given sulfatliiazole, 15 gr., every four hours, for an upper respirator^' 
infection. Si.xteen liours later he began to pass grossly bloody urine. He was 
passing only small quantities, and during the eighteen liours previous to admission 
he wa.s unable to pass any urine. 

Tile phy.=ical finding.s were negative essentially, except for a slight elevation of 
temperature, 101° F., and moderate tenderness over both kidneys. There was no 
muscle guard. Tlie blood pressure was 142/90. A urethral catheter was introduced 
and only nhout 15 c.c. of grossly blood}- urine obtained. It contained no crystals 
or organisms. Tlie nonprotein nitrogen was 30 mg. per cent. The blood sulfa- 
thiar.olo concentration was 2.0 nig. per cent. X-ray diagnosis of the chest was nega- 
tu'c. On the jilain nbdominal film tlie kidneys appeared moderately enlarged. 
I'lnids were forced by mouth turd parenterally. Alkalies were given and Ike patient 
liegau to vomit. Marcli 3, 1943, liis nonprotein nitrogen was 48 mg. per cent, 
t y.-loscopy Was ureteral catheters could not be pas.^ed. Ureteral meatot- 

otiiio.s were done. Forcing of fluids was continued by mouth and parenterally. 
On March 4, 1943, carbon dioxide was 44 mg. per cent and nonprotcin nitrogen GS 
mg. per cent. TJio patient was vomiting everytliing and showing generalized edema. 
He Was given a low spinal anc.stlictie, and attempts to cathetcrize the ureters again 
failed. 1 hey iipponrod to bo edematous as were all other structures. 

At S:0n I-.M. on March 4, 1943, a left renal decap.mlation and nephrostomv were 
( one since the illne.ss was progressing rapidly. Tlie tissue.s were markedly edematous 
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(From /hr Dcpartmrnt of Siirt/rri/, Uroloflicnl Vivinion, TTashington University 
Frhnol of Medicine, and St. Louh City Hospital, Lonis) 


OlNOI'j llic cxtoii.sivc u.se of the sulfoiiiitnidc drugs lliere Jiave been 
many ca.se.s ol renal coin])Jiealion.s, some of them resulting fatally. 
Hepoi'ls of these lalal casc.s and also e.x})erimen(.s carried out on rats and 
oilier animals seem to indicate that two tyjies of renal ehanges occur. 

In one tyjie I lie renal cliaiigcs are due to the drug,s, causing concre- 
tions or precipitates. These crystals or concretions then irroduce a 
hloeking of the renal tui)ule.s, the kidney pelvis, or the ureter. It is a 
common observation that a patient receiving a large dose of sulfathiazole 
or sulfadiazine may show no demonstrahle renal complications, even 
when the urine .shows a large deposit of crystals. It has been our e.x- 
perience that when blockage by ei-ystals does occur, it usually occurs in 
the kidney pelvis which is of a "dysuric” type,^ when the ureteral 
orifices are smaller than usual, or when some congenital or acquired mal- 
foimiation is present. 

Various workers have failed to find crystals in kidneys removed at 
autops.v following death ])resumably due to the sulfonamides. There- 
fore, there must occur another renal change wliich produces the oliguria, 
anuria, and ui’emia complex which appeal's. 

Prien and Frondel- report five autopsy cases following sulfathiazole 
therapj’. In these, there was renal failure which could not he ascribed 
to the disease under treatment. Sections of the fi'eshly removed kidneys 
were prepared by frozen section technique (a technique whereby there 
was no chance for solution and disappearance of crystals to take place). 

In three of these five eases, they failed to find crystals. Death in these 
three cases was not due to tubular ohsti'uetion b.r crystals, even though 
the patients died of uremia. The histologic changes which were present 
in these nephroses of kidneys not obstructed hr ciystals were degenera- 
tion necrosis, and edema. These same changes also have been reported 
in other organs of the body following death from sulfathiazole. 

Loewenburg, Sloane, and Chodoff^ report a personal communication 
from H F- Flippin to the effect that no uroliths were found in sixteen 
autopsies of patients receiving sulfathiazole. Long, Haviland, Edwards, 
d Bliss ■* in their article on toxic manifestations of the sulfonamides, 
rV ' ^hat anuria is due to a trae toxic injury of the tubules, prob- 
^^ly^imilar to that in mereuiy bichloride poisoning. 

: for publication, April 30, 1943. 

Beccivea tor pu 
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SUKGEKY 


(111(1 .'-wollen in iiiipcnriincp. A« the capsule was removed, the kidney iias seen iO 
( xpaiid in size, Jhe kiduox pelvis contained some blood. A nephrostomy tube was 
inserted. Within a few hours urine bepan lo pass through the nephrostomy tube, 
and tin dressings were saturated with urine. About twelve hours after operation 
the patient had passed about 300 c.c. through the nephrostomy tube and 200 c.c. 
through the urethral catheter. The .subsequent urinary output was as follows; first 
2‘1-hour period, lOOO c.c. through the nephrostomy tube, 1750 c.c, through the 
nicihiiil catheter; .second 2i-}iour period, 1500 c.c. through the nephrostomy tube, 
1800 c.c. through urethral catheter; third 24-hour period, 700 c.c. through the 
nephrostomy tube, 825 c.c. through the urethral catheter; fourth 24-hour period, 
1475 c.c. through the nephrostomy tube, l.lfiO c.c. through the urethra! catheter. The 
blood nonprotein nitrogen wa.s 38 rng. per cent on March (5, 1943, 21 mg. per cent 
on :March 8, and 22 mg. per cent on jrarch 1.1. 

The generali/ed edema subsided rapidly and had disappeared completely on the 
third postoperative day. The urethral e.atlictcr was removed on the fifth post- 
ojicrativo day and the nephrostomy tube removed on the si.vfh postoperative day. 

An intravenous pyelograin on March 25 revealed a normal right kidney pelvis 
and ureter and a slight dilatation of the left kidney pelvis and calices. Each kid- 
ney aiipearcd to have equal and good function. Intravenous pyelographj’ was not 
done before surgery because of the danger of administering diodrast in an anuric 
patient, and because wo felt it would not be excreted and thereby not add to our find- 
ing-'- 

The patient was dismissed from the hospital on JIarch 29, 1943, by which time 
the wound had healed satisfactorily. 

Even though we feel convinced that the operation saved the patient’s 
life in the preceding case, we do not mean to suggest that every patient 
with sulfa-nephrosis should be operated upon. 

We do suggest, liotvever, that a patient suffering from acute sulfa- 
nephrosis should not be allowed to die from anuria and uremia without 
renal decapsulation and nephrotomy liaving been tried. At least it 
should be tried if the patient is not relieved by ureteral catheters and 
forced fluids, or if ureteral catheters cannot be passed. If the decap- 
sulation and nephrotomy ai-e done early, befoz’e Iddnej’’ damage is too 
marked and other tissue changes have taken place, a much better chance 
of recoveiy can be expected. Following this type of nephrosis there is 
a great intracapsnlar pressure wiiich does decrease kidney function to a 
maiired extent. The decapsulation relieves the pressure and edema, and 
then allow's restoration of the cells and function to reoccur. 

sinm-vRY 

1 A case of anuria izi uremia caused by the action of sulfathiazole 
and relieved by unilateral decapsulation and nephrotomy is presented. 

2 Anuria during sulfathiazole therapy can be due to a toxic nephrosis 
nr due to tubular obstruction by crystals. 

Decapsulation is indicated in those cases of sulfa-nephrosis not re- 
lieved by conservative measures. 
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neeessai'y to insert a much finer needle through the bowel wall during 
intestinal suture to understand that this danger is almost nonexistant. 
We have seen no untoward effects following abdominal puncture in 
several hundred cases. In several patients operated upon imraediatel.r 
after tap, careful search has been made for bowel injury. None has 
been found. In many patients tapped but not operated upon there has 
been no suggestion of even a local peritonitis which one might expect 
if the bowel had been entered. 

Illustrations of the importance of the information obtained without 
delay are from case records. The first four represent serious visceral 
injuiy without visible evidence of trauma to the abdominal wall. 

C. A. (No. 42-39G0), a, 41-year-old woman, was driving her car when it was 
struck and overturned. On admission she complained of severe pain in the chest 
and abdomen. The systolic blood pressure was 90, the diastolic 60. Abdominal tap 
revealed free blood. She was operated upon immediately. A largo actively bleed- 
ing rout in the liver was repaired. 

In this instance there was doubt as to ivliether tlie primary injury 
was in the abdomen or in the thorax uuth referred abdominal pain. 
This question was readily answered. 

J. P. (No. 42-4922), a 50-year-old man, was struck by an automobile. On ad- 
mission he was in shock, unconscious, witli bruises and abrasions over the head 
and extremities and a compound fracture of the right forearm. He improved but 
slightly after administration of plasma. Because of the sustained shock internal 
bleeding was suspected. Abdominal puncture was productive of frank blood. Opera- 
tion revealed an extensive laceration of the mesentery. 

Ill the absence of symptoms or signs a certain diagnosis of internal 
bleeding was made in an nnconscions patient. 

iS. P. (No. 13821), a 32-year-old man, fell off a motor scooter at an amusement 
park. He had considerable pain in the left lower chest but his general condition 
was good. He showed no clinical evidence of internal hemorrhage until twelve 
liour.s later when he began to perspire and felt weak. Abdominal puncture in the 
left flank revealed blood, and a ruptured spleen was removed. 

•T. T. (No. 42-8973), a 71-year-old man, was knocked down by a truck. He was 
admitted complaining of severe pain in the abdomen. There was definite rigidity 
hut no marks of trauma. A peritoneal tap was done and turbid yellow fluid was 
aspirated. Smears showed a few leucocytes and many bacteria. Immediate explo- 
ration disclosed a perforation of the sigmoid colon. 

It is not always easy to tell whether visceral perforation or hemor- 
rbage is present, but in (lie previous case the differential diagnosi.s was 
greatly simplified. 

Not mfreqncnlly puzzling situalions arise where tlicre is nof only a 
qucslion as 1o the correct diagnosis but also as lo the proiier manage- 
ment. Wo have been able to answer some of these questions bv ab- 
dominal puncture. 



ABDOJIINAL PUNCTURE AS A DIAGNOSTIC AID 

CiiAiti.Ks ]\r. llKN’ity, Jr.D., AND c. Fkejiont Yale, j\LD., Detroit, Mich. 
(From ihr Dcjiarlvirn! of Fur.oiri/, Vai/nc Viiivcmty College of Mcdicive and the 
Drparlmint of Siiriji ry, Prlroil T, retiring Jlo.ipital) 


’"T'lIE viiliie oi Jilxloiniiuil ))nnc(uir or ]);irareiitcsis in tlic cliaiinosis 

A iind iiroKiiosis ol inlrii-ahclominal inflammatory conditions has been 
well described recenlly. Various invesfifiators have reported it to be 
a reiiaiile means of idcnfifyinir llic several types of peritonitis in chil- 
dren by the presence of bacteria in sulcal’s. Steinberg,' with an excel- 
lent review of these reiiorts, advocated study of the peritoneal fluid 
obtained by aspiration as to cells, bacteria, and other substances. With 
the information obtained from a single smear he has been able to dif- 
ferentiate the irritative from the infectious processes of the peritoneum, 
and to establish the jirognosis with some aceurac 3 L Hill, O’Loughlin, 
and Stoner- demonstrated that in experimental obstruction in dogs, 
strangulation could be diagnosed within four houi-s after onset by the 
aspiration of characteristic I’cddish brown fluid from the peritoneal 
cavit.y. Our oxiierience full.v supports the importance of this pro- 
cedure in the presence of peritoneal inflammation. 

Neuhof and Colien,^ in 1926, reported the use of abdominal puncture 
not onl.v for inflammator.r conditions but also for the diagnosis of 
internal injur.v following trauma. Since that time a number of articles 
have been wi’ittcn on I’iseeral damage following nonpeneti'ating injurj’’ 
to the abdomen but we Jiai-e found only one reference to diagnostic 
puncture. Wi’ight and Pi’igoU employed it in fifteen cases of nip- 
tured spleen witli positive findings in thirteen. They believe it is 
inexcusable to omit this diagnostic procedure where intra-abdominal 
complications are suspected. Since this is the t.vpe of patient in which 


it is of greatest value, abdominal tap deserves a great deal more atten- 
tion in emergencj’ cases where prompt and correct decision so often is 
the margin between life and death. 

The technique is ver.v simple. The site for puncture is chosen ac- 
cording to clinical impression. For example, if a ruptured spleen is 
suspected a tap is made in the upper left quadrant. Novocain in- 
filtration is carried down to the peritoneum, and through this area an 
18 "auge needle is slowly introduced into the peritoneal cavit.v. Fluid, 
if present, is aspirated by s.vriiige. Negative findings in one area do 
Iiot preclude positive results at another point. 

first thought it is natural to fear pushing the needle into the 
^ 1 One has only to remember that force and counter ])re.ssurc are 

-^Wed for publication, Ma.cb im3. 
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procedux’e. We believe it should be employed in any case in wliicb 
fluid of any type is suspected even if not clinically demonstrable. In 
knoum or suspected nonpenetrating abdominal trauma the examina- 
tion is not considered complete without a tap. The finding of free 
blood has led to the removal of several ruptured spleens at an early 
hour, which otherwise possibly would have been recorded as delayed 
rupture, and with a definitely higher mortality rate. 

It is particularly of value in eases where the diagnosis is in doubt 
and where time is a factor. Thus, if blood is obtained from the ab- 
dominal cavity, other time-eonsuming procedures such as hematocrit or 
specific- gravitj'^ determinations to diiferentiate shock from hemori’liage 
may be eliminated. Furthermore, we have found that a sample of aspi- 
rated fluid may convince the patient as well as the surgeon of the neces- 
sity for immediate operation. It is so strildngly enlightening at times 
that one might paraplu-ase Beaver’s aphorism about the scalpel and say 
“the aseptic needle dispels the mystery and reveals the truth.” 

SUMMARY 

Diagnostic abdominal puncture is a safe, simple, and often valuable 
procedure, particularly for tlie rapid appraisal of nonpenetrating ab- 
dominal injuries as well as other acute surgical conditions within the 
peritoneal cavity. Several illustrative cases are cited. 
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SUBGRRY 


E. II. (>, 0 . 9148), a SO-ycar-old woman, aas admitted with a history of abdominal 
pnm and vomiting for one day. Because of moderate abdominal distention and 
mtcrmittont bowel sounds a diagnosis of intestinal obstruction iras considered. 
Abdominal puncture was productive of frank blood. On closer questioning a fair’ 
history was obtained for ruptured ectopic pregnancy, which was found at operation. 

B. II. (A'o. 42-7900), an asthenic man, 30 years old, had severe abdominal pain 
with radiation to the left shoulder for twelve hours before admission.' There had 
been jiain in tho upper abdomen after meals for two years and weight loss for 
several weeks. A barium study one week before admission indicated duodenal ulcer. 
The abdomen was rigid. On abdominal puncture, free blood was withdraivn. Opera- 
tion revealed a primary carcinoma of the left lobe of the liver which had bled spon- 
taneously. 

K. B. (No. -11-32824), an obese 40-yoai-old woman, was admitted complaining of 
severe abdominal pain for about one hour. There had been intermittent pain in the 
right upper quadrant for a month provioii.s. On admission she was sweating freely 
and had a diffusely tender abdomen. Peritoneal aspiration produced turbid brown 
fluid which on microscopic cxainihation was seen to contain cholesterol crystals. 

A tensely swollen acutely inflamed but unruptured gall bladder was found at opera- 
tion. 


A. W. (No. 42-S0S5), a 47-year-old woman, had a history of repeated abdominal 
swelling for one year with attacks of pain and vomiting characteristic of biliary 
colic. On admission abdominal puncture was done and fluid containing bile and 
cholesterol crystals was withdrawn. Because of her poor condition operation was 
deferred. Exploration three weeks later revealed a subhepatic collection of “white” 
bile and a thick-walled gall bladder containing normal appearing bile but no calculi. 
There was no evidence that gross perforation had occurred. 

W. S. (No. 42-15010), an emaciated elderly man, suffered pain in the abdomen 
for four days. This had become somewhat worse on tho day of admission. The 
right side of tho abdomen was rigid and there were findings suggestive of pneu- 
monia in the right lung. Aspiration in the right lower quadrant revealed riscid 
pale yellow fluid typical of that seen following perforation of a peptic ulcer. A 
ruptured gastric ulcer was found at operation. 

P. T. (No. 41-18115), a 30-year-old woman, was shot through the abdomen. At 
operation extensive intestinal injury was repaired. There was a retroperitoneal 
hematoma on the left side but exploration of this region was not thought to be 
justified. Fire days later abdominal swelling developed to the left of the mid- 
line, Aspiration yielded blood-tinged fluid which was unmistakably urine. 

DISCUSSION 

These few cases are briefly reported to indicate some of the uses of 
this simple procedure. It should be emphasized that it is only an aid 
in diagnosis and should be interpreted as a part of the clinical exam- 
ination. Positive data are significant Imt “dry” taps must usually be 
considered as meaningless. It is often repeated in such instances. If 
sufficient indications for operation are present a negative tap should 

be disregarded. 

ATT bove no accurate figures as to the frequency with whicli abdom- 
+ is done but a conseiwative estimate would be over one 
inal enough so that we consider it almost a routine 
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the subcutaneous region. Two wccIjs later the pro.xinial end of the 
loop was opened so that a gastric (pyloric) fistula resulted. Owing to 
the direction of peristalsis in the intestinal loop, no leakage of the 
gastric contents occurred. 

The animals were ready for observation after healing of the wound. 
They were fasted for twenty-four hours before each e.\-periment. Sam- 
ples of gastric contents were withdi’awn by introduction of a well- 
lubricated rubber catheter to a marked length, so that the tip just pro- 
truded into the stomach. This insured the \rithdrawal of only the 
gastric contents as they are about to leave the stomach. This is impor- 
tant, since samples of gastric juice obtained from the cardiac and the 
pyloric I’egions of the stomach show a difference of aeidity.^^ 

Two specimens of about 5 c.e. each were withdrawn from the stom- 
ach with the animal in the fasting stale. The animal was then fed a 
standard meal of 200 Gm. of canned meat with 250 c.e. of water. Speci- 
mens were drarni subsequently, about 5 c.e. eaeh, every fifteen min- 
utes for eight liours or more. On an average, thirty specimens were 
collected daily from each dog, for several days, so that estimations of 
pH were made on 400 to 500 specimens, to serve as control for each dog. 

The determination of pH was made by using Northrup’s potentiom- 
eter with qitinhydrone oxidation-reduction potential. 

Following a period of rest of two weeles or more after the control 
study, the duodenum was isolated by sectioning proximally at the 
pyloroduodenal juncture (which point was just distal to the gastric 
opening of the pyloric fistula) and distally about 10 cm. beyond the 
'duodenojejunal junction. The proximal end of the duodenum was 
closed by inversion of the stump. The distal end of the duodenojejunal 
loop was anastomosed to an opening made high in the fnndic region 
of the stomach by an end-to-side or side-to-side anastomosis (Fig. 1). 
The gastrointestinal continuity was maintained by a modified type of 
Polya anastomosis between the cut ends of the pyloris and the jejunum. 
Particular care was taken to prevent excision of any part of the gastro- 
intestinal tract, hi order to insure as much physiologic integrity as 
possible. 

The studies were not begim until after complete recovery of the 
animal, as evidenced by its regaining a normal appetite and nonnal 
weight. The specimens wei-e then collected, as in the control pro- 
cedures, from the stomach in the fasting state and every fifteen min- 
utes from the stomach during digestion, for eight hours or more after 
the feeding. As in the controls, determinations of pH were made on 
400 to 500 specimens, after the duodenal contents had been drained into 
the stomach. (To avoid frequent repetition of a lengthy phrase, the 
term “duodenal drainage" is used in this communication to indicate 
the drainage of duodenal contents into the fundic region of the stom- 
ach.) 


THE INli'LUENCE OP DUODENAL CONTENTS ON 

intragastric acidity 

An* Expkriiiextal Study* 

AxjTm Kksavai.u, ]\r.D.,f axd Fkax-k C. JIanx, M.D.i 
RocriKSTER, ]\rixx. 

1 view dtiotleiijil refrurfiilalioD is essential or important for 
1 (lie i’e(]iietion of gasli-ic acidity has been presented bj- Boldyreff^' “ 
<ind olbersd' -• “■ ==> =•''< =‘ JIacLean and Griffiths and others^’ 

Iiave opposed iJiis view and Jiave held that duodenal regurgitation is 
not an important factor in the reduction of gastric acidity. 

It ajipears true that duodenal regurgitation is a physiologic process 
wliich occurs at variable but unpredictable intervals dui’ing the gastric 
cycle. There is a difference of opinion on the extent to Avhicli duodenal 
regurgitation nonnail}' decreases the acidity of the gastric contents. 
l\IcCann^“' did not find any difference of gastric acidity after draining 
the duodenal contents into and away from the stomach, while Wil- 
helnij, O’Brien, McCarth}', and Hill obtained contrary results. Wil- 
helmj, O’Brien, and Hill noted the reduction of acidity of whole stom- 
ach pouches when acid was introduced into them. Goldberg noted 
reduction of acidit}' of isolated stomach pouches, into which duodenal 
regurgitation could not occur. 

The objective of the present study was to attempt to ascertain the 
significance of regurgitation of the duodenal contents in neuti'alizing 
intragastric acidit}^ b}' drainage of the duodenal contents into the 
stomach. 

METHOD 


Two series of experiments on healthy dogs ranging in weight from 
S to 12 kg. were perfonned. All operative procedures were performed 
with the animals under ether anesthesia and aseptic technique was 
used. In one series, a fistula of the reverse intestinal loop type’" was 
made. A loop of the distal portion of the ileum 12 cm. long with its 
blood supply intact was isolated, the continuity of the bowel being 
maintained by an end-to-end or side-to-side anastomosis. The distal end 
of the isolated loop was anastomosed to an opening made just proxi- 
mal to the pyloric orifice and the proximal end of the loop was brought 
out through a stab wound to the r-iglit of the midline and anchored in 


Keceiyed b.v Dr. Kesavalii to the Faculty of the afetcc 

♦Portion O’ Minnesota in partial fulflllment of the requirement for the deeree 


Medicine. SInyo Poiind;i(Ioii. 


STS 



KESAVAIilT AND MANN: INTRA6ASTRIC ACIDITY 


5S1 


In the second series of experiments vre made an isolated fundic pouch, 
which was drained externally by a self-retaining soft rubber catheter 
brought out through a left subcostal stab wound (Fig. 2). 

After recovery, the secretions of the entire pouch were collected at 
three, six, and twenty-four hours after each meal. The dog was fasted 
for twentj’'-four hours before the standard meal was given. The quan- 
tity, pH, and free and total acidity of all the samples were determined. 
Free acidity was determined by titi’ation with one-tenth normal solu- 
tion of sodiiun hydroxide. Topfer’s reagent being used as the indi- 
cator, and the total acidity by continuing the titration with phenol- 
phthalein as the indicator. The titration values are expressed as clin- 
ical units. 

Control readings were obtained for several weeks and then the 
duodenum was drained into the upper part of the fiuidic region of the 
stomach, as previously described. After recovery of the animal, the 
studies were continued exactlj' similarly to those of the control series. 

RESULTS 

Complete studies were obtained on five dogs that liad a pjdoric fistula 
and on three dogs that had a fundic pouch. In all eight cases the 
internal duodenal drainage into the fundic region of the stomach was 
successfully performed. 

A. Internal Duodenal Drainage Into the Stomachs of Dogs That Had 
a Pijloric Fisttda . — AYe obtained several hundred determinations of pH 
of .specimens collected every fifteen minutes, before and after duodenal 
drainage. 

Gastric, acidity in the fasting state; The control studied showed that 
the secretion in the resting stomach was clear and of small quantity, 
was often intimately mi.xed vuth abundant mucoid secretion, rarely 
contained any bile, and was of moderate aciditj' or very infrequentl}^ 
neutral or slightly alkaline. The presence of mucous did not appear 
to alter the acidity of the gastric contents materially, although when 
the secretion was extremely scanty and viscid, acidity was low. The 
acidity was not any lower than usual when bile-stained fluid was ob- 
tained, as infrequently occurred. 

After duodenal drainage, the volume of the contents of the resting 
sfomacii was definitely increased. Every specimen was invariably bile- 
stained, which was considered as proof of the patency of the anastomosis 
between the duodenojenunum and the stomach. In spite of the mini- 
mal secretion of acid of the resting stomacli and the presence of the 
alkaline duodenal contents which arc being constantly secreted and 
evacuated into the .stomach, it is noteworthy that the aciditj' of the 
fa.stiug stomacli was not reduced to any marked extent. 

Gastric acidity during digestion: During the eight-hour periods of 
observation after feeding, a comparative study of the gastric aeiditv 
before and after drainage of the entire duodenal contents into the 
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SURGERY 


stomacli sliowed llial Dicre was not a marked reduction of gastric 
acidity. In two dogs Iiiglicr levels of acid were obtained after duo- 
denal drainage than bofoi'c, while in three animals the maximal level 
of acid after duodenal drainage wa.s slightly lower than the control 
values. TJie minimal level of acid of the gastric contents after duo- 
denal drainage was iiiglior in three dogs and lower in two dogs than the 
control values. All the samples were intensely bile-tinged and showed 
the presence of bile by tlic usual chemical tests. There was a tendency 
for (lie stomaeli to evacuate more rapidh' after duodenal drainage than 
in llie controls. There was no extreme variation of aeidify of the 
gastric contents after duodenal drainage a.s in the controls, moderately 
high acidity within narrow ranges being maintained (Pig. 3 and 
Tables I and 11). 



TPis. 3.-Showinff pH of sast.ic contents^be^fore ant) after tlnoaenal drainage Into the 


B Internal Duodenal Drainage Into the Stomach of Dogs That Had 
„ Uolated Fundic Pouch.-The quantity of secretion of three-, six-, 
7 i fontv four-liour specimens from the fundic pouches wa.s definite .> 
rite.- .I..o<ta,nl drrinegc II,.,. i,. ,l.c 
A Pi'o le do"' the total .secretion for twenty-four lumvs atler duo- 

rtecretion^^fore duodenal drainage. In all the dogs that liad iso- 
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lated fundic pounclies the free and total acidities in thi'ee- and twenty- 
fonr-hour secretions of the pouch were definitely higher after duodenal 
drainage than before. The maximal acid levels, as determined h3' pH, 
were higher after duodenal drainage than those of the controls. The 
conspicuous feature was the qualitative (acid) and quantitative aug- 
mentation of the secretion of tlie pouch, which was long sustained after 
duodenal di-ainage. In the control experiments, there was a tendency 
of the gastric acidity to reach a very low level in the twent.v-four-hour 
specimens, whereas after duodenal drainage, the aciditj' was maintained 
at a high level. This augmented and long-sustained gastric aciditj’, as 
measured bj’ the miniature stomach, would appear to have been due to 
the presence of the duodenal contents in the stomach or the lack of 
them in the intestine (Fig. 4 and Table III). 



Acidity ^ Volume 

» - Before duodenal drainage - 0 

•-After duodenal drainage -O 

Fiff. 4.— Fj-ee acidity of secretion of fundic pouch before and after duodenal drainage 
Into the stomacli. Eacli cun.'e is an average for two weeks. 


COMMENT AND SUMMARY 

An attempt has been made to evaluate the neutralizing capaeit.v of 
tbc duodenal contents on the acidit.v of tlie gastric contents, with a 
view to ascertain tlie role played by duodenal regurgitation in control- 
ling gastric acidity under pli.vsiologic conditions. 

Two groups of dogs were chosen for study. One gi’oup had gastric 
(])yloric) fistulas and the other had isolated fundic pouches. Tim duo- 
dcnuin ,wa.s short-circuited into the fundic region of the stomach in both 
groups of dogs so that all the duodenal contents passed into the 
stomach. Ko attempt was made to determine if the quantity and 
quality of the duodenal contents were normal under the conditions of 
ttie experiments, 
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Gastric_ samples were collected from the first group of animals tlirougl. 
the pyloric fistula every fifteen minutes for eight hours or more while 
IJie animals were tasting and after feeding, and the pH of the samples 
was determined elect rometrically. 

The secretion from the fuiidic pouch in the second group of animals 
Yas collected three, six, and twenl.v-four hours after feeding, the quan- 
tity was noted, and the free and total acidities were determined titri- 
metrieally. 

The results showed that duodenal regurgitation into the stomach, as 
determined by the jiresonee of visible bile, occurs infrequent^ in the 
fasting state as well as during digestion. Its presence was not asso- 
ciated, however, with alterations of the aciditj’" curve of the gastric 
contents. 

After the entii’e duodenal contents had been diverted into the stomach, 
some dogs that had pyloric fistulas showed an increase of gastric acidity 
while others showed some reduction, although not marked. The gastric 
evacuation time was definitely decreased after gastrojejunostomj" (modi- 
fied Polya), wliich was a part of the operative procedure in duodenal 
drainage. This, in itself, might have contributed in no less degree to 
the reduction of gastric acidity noted in some animals (Wangensteen 
and co-workers). Effective neutralization or inhibition of the acid 
secretion never occurred. 

In the dogs that had isolated fundic pouches, short-circuiting of the 
duodenal contents into the stomach was followed by an increase of the 
quantity and the acidity of the gastric secretion.-'* This result is similar 
to tho augmented gastiae secretion that occurs when alkalies arc ad- 
ministered orally.®’ 

The results of these experiments would appear to demonstrate that 
the presence of oven the entire duodenal contents in the stomach does not 
cause effective neuti’alization, buffciang, and dilution of gastric acidify 
in either the fasting or the digesting state. It is questionable if the 
slight and infrequent duodenal regurgitation that occurs normally can 
be a primary and essential factor in controlling intrngastric acidity. 
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ease has been found to have cerebellar cysts, and involvement of the 
cerebi’um also has been reported by Bochat. Cushing and Bailey be- 
lieved the intracranial growths to be true tumors or hemangioblastomas 
of a type that exudes plasma with the formation of cysts which at times 
have xanthrochromic contents. The familial tendency is common and 
Eochat reported the appearance of the disease in three generations. 

Angiomatosis retinae is bilateral in 50 per cent, leads to degenerative 
changes with retinal detachment and usually a secondary glaucoma. 
Apparently metastasis does not occur from the retinal groivths, but the 
exudative tendencies may lead to a choroidal retinitis, frequently with 
complete loss of vision. Because of their peripheral position, or other 
cause, the retinal growths may escape observation, as in the case men- 
tioned by Cushing, in which at least eight observers had failed on 
ophthalmic examination to find an angioma. Eochat believes the dis- 
ease to begin in the retina as a hj-pertrophy of an angiomatous capil- 
lary which is followed by hyaline degeneration of the capillary walls 
with development of gliomatous and connective tissue and secondary 
detachment of the retina. These angiocystic diseases occur most com- 
monly in patients between the ages of 10 and 30 years and are rare 
after 50. A coincidental hjqiernephroma of the kidney or von Eeck- 
linghausen’s disease has been reported. The cystic involvement of the 
pancreas rarely is prominent, usually gives rise to no symptoms, and 
is discovered as an unexpected post-mortem finding, frequently so 
microseopie as to be revealed only on histologic study. The lesions of 
Lindau’s disease have been designated by various descriptive terms, 
.such as hemangioblastic cysts, angiomatosis, hemangio-endothelioma, 
hemangioblastoma, angiomatosis retinae, hyperplastic capillary hem- 
angioma, cystosarcoma of the pia mater, gliosarcoma, angiosarcoma, 
cystic cystoglioma, angiospindle-cell sarcoma, secondary sarcoma, cysts 
of the kidney, pancreas, and suprarenal gland. 

Because cy.stic angiomatous disease of the pancreas repeatedly has 
been associated with the vascular cerebellar cysts of Lindau and the 
angiomatosis of the retina of von Hippel, we have attempted to de- 
termine Avhether it is different from the case to be reported. In this 
patient the entire pancreas finally was destroyed by the progressive 
development of multiple cysts and vascular caverns of large size, unas- 
soeiated with retinal changes, neurologic evidences of spaee-takino- 
intracranial lesion, or the histology of malignant disease. The findings 
in the case suggest a rare destructive lesion of the pancreas differing 
from the small or microseopie cysts found in the organ in Lindau’s or 
von llippel’s disease. In size and angioey.stie qualities the lesions re- 
sembled the cerebellar growths de.seribed by Lindau. The path- 
ologic procc.ss was largely a rapid proliferation of new blood vessels 
lined by one or more layers of flattened or cuboidal endothelial cells, 
with frail walls of poorly developed fibroconnective tissue and little 
collagen, which evidently expanded or ruptured under the influence 
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AEYID LINDAU, of Lund, Sweden, from a study of all cases of 
cerebellar cj’-sts reported in the literature during the previous 
twenty years, together with sixteen of his personal cases, demonstrated, 
in 1926, the tendencyfor hemangiouiatous cerebellar cysts to be heredi- 
tary and to be associated with the angiomatosis of the retina, described 
by von Hippel in 1904 (von Hippel’s disease), as well as cystic disease 
of the medulla, spinal cord (syringomyelia, syi'ingobulbia), pancreas, 
kidneys, liver, suprarenal glands, and epididymis. The cerebellar cysts 
contained angiomatous channels separated by sheets or strands of 
cells which Lindau termed pseudoxanthomatous. Of the associated ab- 
normalities in the abdominal organs, ej'stic degeneration of the pancreas 
was the most frequent. The association of the angiomatous cerebellar 
tumors with a cystic pancreas had been noted previously by Berblinger, 
in 1922, and by his pupil Ledebur, in 1926. 

In 1930, in a lecture given in London, Lindau said that “the cystic 
pancreas is, in adults, almost pathognomonic for the sjmdrome,’’ but 
added, “these abdominal lesions associated ivith capillary angiomatoses 
are not themselves vascular, as far as I have observed." Putshar, in 
1935, made a similar comment regarding the nonvascular nature of the 
visceral lesions. In a careful review of the literature if appears that 
angioma of the pancreas is a rare finding. Isolated cysts of the pan- 
creas are by no means uncommon, but actual destructive cystic disease 
of the organ is definitely unusual. In a case reported bj^ jMcKechnie 
and Priestley the possibility of Lindau ’s disease was suggested by the 
pathologist, but the authors ivere unable to confirm the diagnosis 


clinically. 

Busni, in 1928, described what he believed to be the first recorded 
ease of an angioma of the pancreas of arterial origin. This was 
studied carefully and the illustrations arc convincing. He wrote that 
he had reviewed the Eussian literature as well as the general foreign 
literature on both pathology and anatom 3 '- without finding any refer- 
ence to a similar case. Ten 3 'ears later Ranstrom, in 1939, reported a 
case of venous angioma of the pancreas and emphasized the raritj' of 
* ch vascular tumors in that organ. To these cases should be added 
Tta others, those of Sajewloschin and Querneau, in which the lesions 
.0 ^nmomas histologicall.v. Lj-mphangiomas and hemangio-endo- 
‘ Lilt without generalized cj-stic degeneration, also have been 
descS Abmt ”"C rf for or *'0 viti, von IIwcl-o dlo- 
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ease has been found to have cerebellar cysts, and involvement of the 
cerebrum also has been reported by Bochat. Cushing and Bailey be- 
lieved the intracranial grovdhs to be true tumors or hemangioblastomas 
of a type that exudes plasma with the formation of cysts which at times 
have xaiithroehromic contents. The familial tendency is common and 
Bochat reported the appearance of the disease in three generations. 

Angiomatosis retinae is bilateral in 50 per cent, leads to degenerative 
changes vdth retinal detachment and usually a secondary glaucoma. 
Apparently metastasis does not occur from the retinal growths, but the 
exudative tendencies may lead to a choroidal retinitis, frequently with 
complete loss of vision. Because of their peripheral position, or other 
cause, the retinal growths may escape observation, as in the case men- 
tioned by Cushing, in which at least eight observers had failed on 
ophthalmic examination to find an angioma. Bochat believes the dis- 
ease to begin in the retina as a hypertroph}- of an angiomatous capil- 
lary which is followed bj' hyaline degeneration of the capillary walls 
with development of gliomatous and connective tissue and secondary 
detachment of the retina. These angiocystic diseases occur most com- 
monly in patients between the ages of 10 and 30 years and are rare 
after 50. A coincidental hypernephroma of the kidney or von Beek- 
linghausen’s disease lias been i-eported. The cystic involvement of the 
pancreas rarely is prominent, usually gives rise to no symptoms, and 
is discoi^ered as an ime.xpected post-mortem finding, frequently so 
microscopic as to be revealed only on histologic study. The lesions of 
Lindau’s disease have been designated bj’ various descriptive terms, 
such as hemangioblastic cysts, angiomatosis, hemangio-endothelioma, 
hemangioblastoma, angiomatosis retinae, hyperplastic capillary hem- 
angioma, eystosareoma of the pia mater, gliosareoma, angiosarcoma, 
cystic cystoglioma, angiospindle-eell sarcoma, secondary sarcoma, cysts 
of the kidnej', pancreas, and suprarenal gland. 

Because cystic angiomatous disease of the pancreas repeatedly has 
been associated with the vascular cerebellar cysts of Lindau and the 
angiomatosis of the retina of von Ilippel, we have attempted to de- 
termine whether it is different from the case to be reported. In this 
patient the entire pancreas finally was destroyed by the progressive 
development of multiple cysts and vascular caverns of large size, unas- 
sociated with retinal changes, neurologic evidences of space-takino- 
intracranial lesion, or the histology of malignant disease. The findiim-s 
in the case suggest a rare destructive lesion of the pancreas differing' 
from the small or miero.scopic C 3 -sts found in the organ in Lindau’s or 
von Ilippcl’s disease. In .size and angioe.vstic qualities the lesions re- 
sembled the cerebellar growths described by Lindau. The path- 
ologic process was largely a rapid proliferation of new blood vessels 
lined by one or more layers of flattened or euboidal endothelial cells, 
with frail walls of poorly developed fibroeonnective tissue and little 
collagen, winch evidently expanded or ruptured under the influence 
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A RYID LINDAU, of Lund, Sweden, from a study of all cases of 
cerebellar cysts reported in the literature during the previous 
tiventy years, together with sixteen of his personal cases, demonstrated, 
in 1926, the tendeneyfor hemangiomatous cerebellar cysts to be heredi- 
taiy and to be associated with the angiomatosis of the retina, described 
by A on Ilippel in 1904 (von Hippel’s disease), as well as cystic disease 
of the medulla, spinal cord (syringomyelia, syringobulbia), pancreas, 
kidneys, liver, suprarenal glands, and epididymis. The cerebellar cysts 
contained angiomatous channels separated by sheets or strands of 
cells which Lindau termed pseudoxanthomatous. Of the associated ab- 
normalities in the abdominal organs, cystic degeneration of the pancreas 
was the most frequent. The association of the angiomatous cerebellar 
tumors with a cystic pancreas had been noted previously by Berhlinger, 
in 1922, and by his pupil Ledebur, in 1926. 

In 1930, in a lecture given in London, Lindau said that “the cystic 
pancreas is, in adults, almost pathognomonic for the syndrome,” but 
added, “these abdominal lesions associated vlth capillary angiomatoses 
are not themselves vascular, as far as I have observed.” Putshar, in 
1935, made a similar comment regarding the nonvascular nature of the 
visceral lesions. In a careful review of the literature it appears that 
angioma of the pancreas is a rare finding. Isolated cj^sts of the pan- 
creas are by no means uncommon, but actual destructive cystic disease 
of the organ is definitely unusual. In a case reported by McKechnie 
and Priestley the possibility of Lindau ’s disease was suggested by the 
pathologist, but the authors were unable to confirm the diagnosis 


clinically. 

Busni, in 1928, described what he believed to be the first recorded 
case of an angioma of the pancreas of arterial origin. This was 
studied carefully and the illustrations are convincing. He wrote that 
he had reviewed the Russian literature as well as the general foreign 
literature on both pathology and anatomy without finding any refer- 
ence to a similar case. Ten years later Ranstrom, in 1939, reported a 
case of venous angioma of the pancreas and emphasized the rarity of 
‘ h vascular tumors in that organ. To these cases .should he added 
others those of Sajewloschin and Qiicrneau, in which the lesions 
aimiomas histologically. Ljmiphangiomas and heniangio-endo- 
‘ r Bnt without generalized cystic degeneration, also have been 
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On Nov. 10, 1939, the right kidney was exposed and found ptosed but grossl.v 
normal. A decapsuJation and nephropexy were performed. The patient had an 
uncomplicated operative convalescence and was discharged from the hospital ten 
days after the operation. 

The patient was re-examined March 22, 1940, when she was apparently in good 
physical condition. In September, 1940, a globular, firm mass was discovered, 
measuring 6 by 3.5 cm., below and to the right of the ensiform. This emdently 
was the same mass that previouslj' had been ascribed to the kidney. The liver was 
not palpable. Roentgen studies showed that the mass did not arise from the colon. 
The patient was readmitted to Temple University Hospital, Oct. 1, 1940. In ap- 
pearance she was a well-nourished, middle-aged woman, rational but obviousl}' in 
a state of anxiety. Coliclike abdominal pains with borborygmus had occurred 
recently. 

The abdomen was moderately protuberant and relaxed, soft, somewhat obese, 
without tenderness but with hyperactive peristalsis. The tense mass could be 
palpated to the right of the midline in the epigastric region. The physical exam- 
ination was unsatisfactory due to the mental resistance of the patient. The blood 
sugar value was 157 mg.; hemoglobin, 75.8 per cent; erythrocytes numbered 
4,260,000, and whole blood sugar, 96. Examination of the urine gave negative 
results. 

On Oct. 21, 1940, the nonprotein nitrogen level was 29; on Oct. 15, 109; total 
protein, 5.84; albumin, 301; globulin, 223; albumin-globulin ration, 1.6. 

Operation was performed Oct. 3, 1940. A vertical upper right rectus incision 
exposed a very vascular, large, multicystic mass presenting through the gastro- 
hepatie omentum. The omentum was incised and a second lower and deeper 
projecting portion of the cystic mass detected. The mass apparently arose from 
the head or body of the pancreas. An attempt was made to dissect the cystic 
mass from what was thought to be the underlying pancreas. The procedure was 
tedious owing to the many vessels to be divided and ligated. A thin-walled cyst 
ruptured, with the escape of amber-colored fluid. Needle aspiration of other c^’sts 
revealed pure blood. The application of a hemostatic forceps tore the thin wall 
of one of the largo vascular sinuses, with profuse hemorrhage, controlled by 
digital pressure and additional hemostats. Further attempts to enucleate the 
C 3 ’stic mass were followed by such massive hemorrhage from fragile, thin-walled 
sinuses that the pulse became nearly imperceptible, and no blood pressure was 
registered bj- the sphj-gmomanometer for fifteen minutes. The hemorrhage was 
controlled by digital pressure and gauze packing; respirator}- and cardiac stimu- 
lants were given, together with glucose infusion and later 480 e.c. of citrated 
blood. Attempts at enucleation were abandoned. The abdomen was closed with 
figure-of-eight wire sutures, and one large tubular glass drain was placed over the 
gauze sponges to enable additional packing, should such be required. 


Operalive uiu? FathoXogio Findings . — A large, thin-walled, angiomatous cystic 
tumor of the pancreas measuring about 8 by S cm., containing clear amber fluid, 
large blood sinuses or caverns, and solid tumor masses were found, together witli 
at least one additional cystic portion which was not e.xplored, situated below and 
deep to the first mass. The specimen removed consisted of what appeared to be 
the wall of a small cyst measuring about 2 cm. in diameter. The fluid aspirated 
at operation from the hemorrhagic cyst was frankly bloody. Microscopically it 
contained red cells, pol.vnuclear leucocytes, lymphocytes and monoevtes in the 
npproxiinato proportion found in normal blood. The outer surface was smooth 
the inner surface was traboculated, showed multiple hemorrhages, and was lined 
by a layer of cells which in places proliferated to form small, thin-walled blood 
vessels. The nnderlying layer comsisted of tl.in strands of acid-staining tis'=ue in 
nhich were few nuclei but many thin-wallcd vessels filled with blood. There was 
much inter.stitial hemorrhage, fibroblastic proliferation, and occasional collections 
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( Ilie bJoofI pressure into cystlike iiugioiuatous caverns. From the 
extensive endothelial proliferation some of the older caverns appar- 
eitly heeame blocked from the general blood stream and remained as 
cys s containing stagnant blood, clear or colored serum. Evidence is 
aeking of a familial tendency, of associated angioma of the retina, or 
ot a tumor of the central nervous system. During four years of mild 
psyc osis the patient was examined repeatedly in various institutions 
tor the treatment of mental and nervous diseases, without finding evi- 
dence of a space-taking lesion within the skull. We cannot, however, 
exclude the presence of associated cerebellar cysts, since a post-mortem 
examination of the central nervous sj^stem was not permitted. The 
optic discs ivere examined by W. I. Lillie and were found normal on 
ophthalmoscopic examination. The cysts of the pancreas, although 
producing few subjective symptoms, progressed to large size and finally 
involved the entire pancreas so that residual portions of recognizable 
jiancreatic tissue were found onlj' on microscopic study and then in 
small areas. 

Obviously, it is more than probable that some references have been 
overlooked in reviewing the literature and quite as possible that cases 
similar to the one reported hei’e never were published. However, tak- 
ing these possibilities into considei'ation, we have failed to find any 
case similar to the one here reported. 

The patient, aged 54 years, a widow with three adult ciiildren, previously had 
been in good health. Mental depression developed in 1935. The patient had had 
the usual childhood diseases, and menses had been regular until the menopause 
four years before admission. In the same j'ear, while in deep depression, tetn- 
porarj- glycosuria was reported and treatment for diabetes was given, but evi- 
dence of diabetes since 1935 has not been found. During the first winter she was 
in the hypomanic phase, with unusual physical and mental activity, euphoria, and 
the like. Since this time she had had psychic depressions and elevations of mental 
activity, considered to be a true manic depressive psychosis, always with rather 
mild wa^ms u'hich recurred yearly between April and October. For these attacks 
she was treated temporarily in special hospitals. Physically and neurologically, 
at repeated examinations, she had been found to be normal although her weight 
gradually fell from ISO to 140 pounds. During an annual physical examination 
in 1939, a mass about S cm. in diameter was found in the upper right quadrant 
of the abdomen. The patient had noticed a mass in the right Bank for about five 
months without symptoms except a tired, drawing sensation. Her weight was then 
stationary but she had a slight hypochromic anemia. Complete gastrointestinal 
roentgen examinations, including cholecystography, revealed no abnormality with 
the exception of a downward displacement of the hepatic flexure. The nonprotein 
nitrogen value was 109; the total protein, 584; albumin, 3C1; globulin, 2.23; 
■ilbumin-globulin ratio, l.G; hemoglobin, 75.G per cent; erythrocytes, 5,240,000; 

woevtes 13,550; polymorphonuclear neutropliile.s 70; lymphocytes, 24; lllnmciits, 

'-a d nonfilaments/ 2 . No abnormality was found in the urine but an intra- 
T,veloeram revealed mild hydronephrosis, with the right ureter .sharply 

* • t flm Vrifi 


venous 


Thoracic roeatgciiologic 


t.ed over toward the midlino just below the kidney. 
pusiiLu .nefastatic tumor. Under the diagnosis oi jjruuame . 1.1 

study showed n • -jpgi ,rns referred to the Temple Univcr.Mly Hospital 

of the right kidnc), me la 

for opemtion. 
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' Vatlioloifio Jlepoit . — The cvhtic gio^tli showeil great structural variation in dif- 
ferent areas (Fig. I). In niietoscopic areas pancreatic acinar tissue vas obserrcd, 
vith .some distortion due to inferiteinar ederrta artd the encroachment of the airgio- 
cysfic disease process, hut tew islands of Ijarrgerhatis were found (Fig. 5). 

Two rna.ioi pathologic processes beerned to exist side hy side, or iu places to 
rrierge orte with the other. The first consisted of areas of cystic drlatatrorr (Fig. 
2) which IiOncr combed or rather lephteetl the paircierrtie tissue and at times seenred 
to iirvolve some of the secondary ducts, although the impression was gatrted that 
the process was mostly acinar irt otigitt. The cysts were lined for the most part 
by flattened cells, whiclr had moderate-sized, ovoid ituclei parallel in position to 
tiie long axis of the cell. The rruclei coirtairred orre or tw-o rather prominen*' 
nucleoli and a moderate amount of medium sized, deep staipirrg metacliiomatic 



rm. 2 — Tliin, fi inrli w.ill of .in older pancreatic cj st (X30)- 


giiiiiuli's. A grudii.il tiaiisitioii tioiii the flattened endothelial type ot cell to a 
traiihly ciihoidal cell w.i.. apparent These euhoidal cells weic \acuoIated for the 
most part and in places showed hegiiiiiiiig papillary prolifeiafioii and .some meta 
plastic stiafilicatirm (I'ig. 2t. The lumiirn tended to he filled with finely granular, 
almost homogeneous eosin stauiing material. Beneath the lining of the cj'stie 
aieas theie was delicate coniicilne tissue stimiia in which occasional round cells 
w ere seen, chiefly lymphoi Mes ( I’lg .! i 


The other major palludogic teatuie was an aiigiomalous ti-po of lesion (ITg. d). 
Ihe larger Idood Idled cisw had walls lined In tjpical hyperplastic appearing, 
elongated eiulothdial cells. In plaics thc>c had jirolifcratcd to foini commuiricat- 
mg Misriilar ih.MincIs outlined onU In < liiinps of nndiirercntiatcd endothelial cells 
which suggested a neoplastic origin, isiich s|,!,ces wcie ill defined, .sinusoidal in' 
clmtacter, witlumt delimte intiinal iiiiiiig celts, as it m i>hicos, at least, due to 
hemoirhagc. Uowmer, a delimte Mii.iinrli\e .stiomu of coimeetivc tissue could 
he identified readih in these aieas when stained In Jiasson’s trichrome stain, 
huiiuiiig through s,„.h iialieculuc. timiim! thin walled, capiiliirj \essels were iden- 
lihed, apparently teprescntiag the original sascular supply. Similarlv, occasional 
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Ot colls «.(l, H.iiml iincloi on.l «Inch si:,,,,,.,! cm. so {;,.,„„l:,., .oso.,ibl.„jr oi.ithelml 
collh that .•ippaToiilIy lille.l lo.in,! sj.acis li„„t,.,] t)„. s|,;„„!s of lissac. 

'I'lio pallidlofiic (liafimisis vas !,i,','ioin;,t(i,<I i \ sf ,\al|. 


The patient left the opiMatin>f ino,„ «,(|, |,|o,„i piossuic „t bO inin. s\st„lic 

ant! GO iniii. dnistolic, and a l.aiely peicoptililp pnlse of 140. Quantities ot, at 
tiibt seiosangiiincons, and later clear, tliin, .sliglith tiirind flnid r\eie collected fi’oni 
the wound by aspiiatiou diainagc; the d:iy 4S0 c.c.: the second, GOO c.c.; the 
third, GGO c.c.; the foiiith, 720 c.c.; the /itth, 1,020 c.c.; the sixth, OGO c.c.; the 
seventh, 990 c.c.; the eighth, 1,200 c.c.; the ninth, 1,140 cc.; the tenth, 900 c.c., and 
tlie eleventh 630 c.c. The drain.ige piodnced a modeiate excoiiation of the shin 
despite exposure unde, a bed cage and «leaiate of 7inc dusting ponder. The tem- 
perature after the second dav nas raicly o\ei 99.2° T., and the pulse aveiaged 
between 90 and 100. One gan/e diainnge sponge nas renior ed Oct. .0, 1.040. On 
Oct. 10, the lamp chinniey diain slipped out and that c\ emng the last gauze sponge 
was lemoved. The patient nas discharged fioin the hospital Mov. 3 and died Nov. 
I.!, 1940, after a steady donnnard conisc, with diaiii.ige of fon] smelling bloodr 
fluid from the fistula the last fen dajs. 



Fig. 1. — Angioc.vstic tuinoi 
leinorecl at aiitopsj. shonins 
cvstic change, nith clear and 


of the pancreas nitl, adlieient poi tions of dnodoniiin, 
the ibsence of gioss p, ncie.it, c tissue and llie diffuse. 

lieinri ili.agic lists 


At an autopsi limited to the .ibiloincn a large niiiltiei stic tumor nas found 
located deep in the light upper quadrant and tigl.tli sin rounded by gnngrenors 
duodenum. No giossly iccognizablc panciealic tissue could bo found. The base 
of the paiicieatic fistula consisted of necrotic tissue. There nere massne ndhe 
sinus evervwhere, soiiio of nhicli seemed old. There ncrc some small, lery irreg 
1 leins in the necrotic hed nhicl. h.ad btv.i the hody of the piincrcns. hen 
" n-irt of the diiodciiiiiii nils scpar.itod from the inidersiirfiicc of the liic. 

* i i dona a second mass, api.rox.mi.tcli Itl , m. in diameter, nns found in 
and turiici ! i,,lo,„cii. Tightly eiiiircliiig it n.is the nmaiiidcr of (he duo 

the right tipper a friable, and gangreiioiis. It nas impossible to separate 

denuin, tti'tc'i „ ,„n,or so tliei nere riiiioied logetber. This tumor nas 

- 



B VBCOCK ET -VL. : AKGIOCYSTIC DISEASE OF PANCREAS ovO 

Although the histopathologj’ is compatible with Lindaii’s disease, 
none of the other signs and symptoms of the syndrome were evident, 
such as cystic tumor of the cerebellum or von Hippel’s disease of the 
retina. Perhaps the descriptive term of destructive angiocystic disease 
of the pancreas conforms best to the microscopic findings of this ease. 
It does not seem possible, however, to exclude one of the more complex 
mixed tumors of true endothelial origin, the so-called hemangiolym- 
phangio-endothelioma, in our consideration of the differential diagnosis. 
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Fig-, 5 — One of the fc>\ microscopic areas of persistent pancreatic tissue. 

Trcttiment . — Our experience in this single ease suggests that the 
chief problem in the extirpation of angiocystic disease of the pancreas 
is the control of hemorrliage. This may not be difficult in the early 
stages when the resection may be carried through the normal pancreas 
I'ather than through angiomatous ti.ssues. Many of the cystlike cavities 
arc great vascular caverns with very thin, fragile walls that may tear 
from the weight of a hemostatic forceps, with rapid lo.ss of large quan- 
tities of blood. Additional hemostats tear larger holes in the walls, 
with increased hemorrhage. Even the serous cysts have walls con- 
taining innumerable vc.ssels nhieh on divi.sion require many fine liga- 
tures, A coagulating current might be used for the smaller vessels 
but would be quite ineffeclise to control bleeding from the large 
caverns. In the early stage it would seem possible to excise the growth 
through the normal pancreas where blood vessels may be satisfaetorilv 
ligated and oozing controlled by suture.s. For larger growths a pre- 
liminary provisional occlusion of arteries carrying blood to the pan- 
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SURGERY 


vessels with an arteriolar or even arterial musculature 
islands of undifferentiated cells suggested either budding 
pancreatic acinar formation. 


were seen. Occasional 
new vessels or possiblv 



Pig. 3 — Proliferating cuboidal emlothclial cells lining an older cyst (X150). 


Tjr 



j \nSiomatous wall of a cyst of more recent clevcIoimicJU. (XtVJ.) 


• are.ts there was a suggestion of netiml transition from the vascular 
In cer ain ‘ ^ jl,e ,„orc euboidal-lihc, cell-lined cyst, 

pattern, witli -I- • c-sfic nrea.s .siiggc.‘-led a merging of the red cells and 

Even the contents ot ine-e . 

serouslilto material. 
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(lition iipparv'iifly diffio-.s from ilu‘ forms of rvsts and aii.i,doma1mis 
disease of tlic pancreas previously de.scril)ed liy Jjindaii and otliers. 
As a nearly fatal lieniorrha"c followed eantions attempts to enueleate 
tlic cystic area, the desirability of early operation before the jvanereas 
has been extensively destroyed and the use oi provisional temporary 
occlusion of the main pancreatic arterial trunlc.s is sufige.sted in .similar 
cases, 
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<.t ll„. ,,aiicn-iis .-in- fin-ivci fn.tn the licnal for the 
lool.y aii.l (ail <.( (lie (iri-an. ami from (he iiaiifTcatiVodiuulciial Iiraiirli 
ol (III- liciiadi- aifory aii.l (ho iniVrior iiiiiKM-calicoduodoiial liraneli of 
1 II Miiiiiioi iticM'iilofio artery lor (he liead of the iiaiii'i-eas. In eertaiii 
ea-si'N i( may he teasihle to «|o a |>rovisioiial oeeliision of (iie.sc hrnnehe.s 
or oi the he(iatie. lieiiai. ami possihty (he superior iiieseiilery trunks. 
A eoinciiieiit methorl is (o pass a narrow (ajie or soft silk lienture 
alioiM eaeh artery, tiic emis of whieh are hrniiuht thi-oufrh a small 
eatheter to u'hieli (hey are elaiii)iei| nmlei’ suftieiiuit traetion to jiroduee 
the de.sired arterial oeelusinn. This siai))le niethnd, sueiiosted hy Astle.v, 
ne Inn e used lor temporary oeeliision diiriin: suture of the portal vein, 
the external iliae. and (he eominon eai'otid artery. Ohviou.sly. very 
larire irrowths and hi!,dily wiseiilar atlaehnieut.s may prevent access to 
the siiiiiilyiiii; vaseiilai- trunks, ami (he •rrnwth may (hen be found 
ineradicable. Ilemost.a.si.s is (juile ilitTerent from that found adcQuatc 
in the remoi-al of (he usual lari'e cysts of benifrn or malignant type 
n liieh develop from the (laneras. Although in the jiast (he.sc Iiave been 
treated Iargel.^• by niarsiitiialiration. increased e.xperience has shown 
(hat removal by incising or re.seeting the jmnereas is much less danger- 
ous titan fornierl.v thoiiuhl. As a rule it is jircferable to remove these 
large* ey.sts with a mai'iriii of ad.iaeenf pancreatic ti.ssuc. The pancreas 
is fairly linn and ma.v lie sutured or its ve.ssels ligated. The escape of 
small (jiiantilies of panereatie .juice into the peritoneal cavity, when 
not activated by bile or gastrointestinal contents, apparently does little 
harm, esjieeially wlien a continuous asjiirating suction alidominal drain 
is used after (he operation. When marsupialized the large cysts may 
liecome infected and discharge purulent material for many months or 
lead to a fistula, while an overlooked malignant process may progress 


and be recognized only when it has sjiread be.vond the possibilit.v of 
removal, causing the operator to regret that the original operation was 
not more radical. r>cforc attempting to remove any very large angio- 
evstic tumor of the pancrea.s, it is evident that the entire organ and 
its tributary vessels, including the pancreaticoduodenal branches of 
tlie hepatic, licnal, and superior mesenteric arteries, and the veins that 
niii from the ])anereas to the licnal and superior mesentezie veins should 
be investigated. If. as in the pre.sent ea.se. the entire pancreas is in- 
volved. the outlook of course is not favoz’able. CA-en ivith special diet 
and the continued used of insulin. 


SUilZU.VKY 

•e mai-kedly angiomatous and cystic disease of the pancreas is 
1 -i.ich nro<*'re.ssod to the macrosco]3ic destruction of the en- 
describecl y 4 ;g.^v"svmptoms except a moderate leucocytosis. a n’se 

irtl"' nitrogen, and an upper abdominal mass. The con- 
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(litioii aijparenlly differs from ilw fnnii.s of t-ysfs and angiomatous 
(lisraso of tlie iniiicrcas provionsly desn-ibcd ))y Lindati and others. 
As a nearly fatal lie)norrlia'>(' folloAved eanfions attempts to enucleate 
the cystic area, the desirability of early operation before the pancreas 
has been extensively destroyed and the use ot ])rovisional temporary 
oeclnsion of the main ])anereatic arterial trunks is sufrtiested in similar 
cases. 
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Ol-’ 'ITIIO I’ANIMIDAS WITH AIDI/riDDI': VENOUS THKOAIHI 
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iJ rnm 1h, /I, /.(irtiiintl of |•alholo,|!/, IWiMniiton {JuittMlii School of Mt/licinr, anil 
the JJitnit!. Ilositllnl, St. Loiii.ll 


tsrimncrtos 

I N I.'MN, S()i'()nl'' /irsf mil lln- ivtiiiivktihly I'roqnctil ussacinliun 

ol (•,Trfiiiom)i in llic body ;in<l l;iil of Ihe ]);mei-e<i.s with 
vi’iioiis (hroiiihi. 1 Inivo li:i(l llio opportmiity to (“.vjiniine jit Jintop.sy 
two ('uses witii cafcinoni!! of the pancreas (one in tlic bociy and one in the 
tail (, ill which the (n-c.scntin'r synitdonis and .siirns were refei'ahle to 
nudlij)le venous tliroinhi. A j-eporl of lhe.se two ca.se.s, tocether with a 
full analysis of fiio as,sociation of iddeliothroniliosis witJi di.sea.se of the 
pancreas, forms the basis of this coniinnnicalion. Inastmieh as tlie j)hy.si- 
cal simis of multiple venous thrombosis may be the eai'liesl clinical mani- 
festation of the pre.se;iee of a ciivcinomii in the body or tail of the j>an- 
creas, it is hoped that this pa|ier may focus the allimlion of clinicians on 
the phenomenon and a.ssist in the difiicult diagnosis of these tumors. 

A correct and early diagnosis of eai'cinoma of the body and tail of 
the pancreas is rarely made. Tho syinptoms and .sfaiis — abdominal 
I>ain. lo.ss of weijrhl, aseile.s. Jtemalcmesi.s. ajdai'^ionenl of tlie liver and 
spleen, and tei’ininal .jaundice — are not suHicientl.v charncteristio to 
establish the diajiiiosi.s. Thu.s. in the series studied by Eansom,“ car- 
cinoma of the body or tail of the pancreas was unsuspected before death 
or aporiiiUm in eleven out of sixteen. In the sixteen cases investigated 
1)V Duft’d not a single correct diagnosis was made despite an opportunity 
to examine the peritoneal cavity visually at laparotomy in four eases. 
The most common erroneou.s diagnosis in both .series was carcinoma of the 


colon. 

To avoid any misconception of the term “mnltiide venous thrombi” as 
used in this paper, it may be pointed out that the veins involved arc the 
.subclavian, the great saphenous, the iliaes, the inferior vena cava, the 
1 ’c the portal, the inferior and sujjerior mesenteries, etc. The 
. b' usually extend throughout the entire length of these veins, nith 
deucy to end at a junction of two veins. Hence, the process is 

Recoivu'tl ft”' publication^ Svn’PC*'-''* V-'ilc Univcisiti. t.V-IiooI of J^Iedioitu,* .-tnd ttio 


Roccivetl io‘ U^^nartiucnt of Svirpery. 
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CASK REKOKTS 

Cask 1 (Hosiiitid No. ilodk-ino SSflOfi).— A .-)J-\e:vi-oia iNlsito m-.m -.ulmitted 
[o the Barnes Hospital, on .Tune .T, JPlt, ami died .Tuh 17. IPTI 

Illness Upon Admisnon. — On ictmninfi fiom a fishinij tiip in Ploiida in Maicli, 
19-11 (3 months befoie admi.s-ion), he noticed pain in the feet and ankles, ilanipula- 
tion bv an osteoiiath and the pui chase of ne« shoes ga\e no lelief. The pain came 
gradually to involve the entiie legs, and the ankles neie interinittentlj' led and 
swollen. The administration of sulfathiazole nas uithout benefit. Ten dais before 
admission he began to have piofuse night sweats and the left arm became swollen 
and tender. TUeie was paiesthesia in the left arm tn the preceding two weeks 
there were four attacks of “pleuri.sy.” For the first time, the stools weie observed 
to bo light in color two days before entry to the hospital. 

Past Bisfoiy. — Aside fiom “indigestion"’ he had been in good condition until 
this illness. As a child he had had measles and whooping cough, and in 1906, and 
again in 1907, pneumonia and pleurisy. 

Family Hisioiy. — His motliei died at the age of 70 of cancer of the stomach, 
and one brothci died at tlie age of 61 from “infcsfiiial fiouble, gall bladder disease, 
and thrombophlebitis. ’ ’ 

J’hystcal Fj-ammahon. — Tempeiature, 37.3“ C.; pulse, SO; lespirations, 20. E.xam-^ 
iimtion roiealed a well deielopcd and well nourished man who did not appear acutely 
ill. Examination ot the head and neck showed nothing remarkable. Auscultation 
and percussion of the lungs and Iieait iciealed no abnormal tindings. The edge of the 
liior c.xtended 6 cm. below the light costal maigin m the mid clavicular line and was 
tender. There weie no othei palpable masses in flic abdomen. Both ankles weie 
swollen, red, and hot. CohN, ptesuiiialily tliromboscd reins, could be palpated in 
the subcutaneous tissues of tlie ankle and upwaid to the middle thiid of the thighs. 
Tlie left aim wa.s swollen, temlci, and waim. and siuiilai coids weie palpable. 

Lahniatoiy Fj-nmmalwn — R B C,. ■!,i>20,fino ; liemoglobiii, o‘S per cent; W.B.C., 
ti,n00; coagulation time (Hovsell) 3'! miuwU‘s; bleeding time by the euff method, 
6 minutes; piotliuimbm time bi bedside method, 2S seconds (normal of 23 seconds): 
total plasma pioteins, 4..5 Giii. with albumin of 2.9 and globulin of 2.0 Gm.; blood 
sugar, 77 mg.; icteiic index, l.!4. The Kahn test and agglutination tests for 
I'.berlhtlla lypht, ISacillus inihtt nsts, and I’a.Acuiella liilaieine weie negatire. Urine, 
1 plus albumin and occasional white celK in flic sediment. Stool, trophozoites and 
cjsts of Endoliinax iiaiia. 


Pocniycnoloyic Fj animal ions. — Films of the thoia.x wcie indeterminate. Films of 
the sinuses .sliowcd some ha/'iiess in the left iiiaxillaiy siims. 

Toil i.sr.— The feet and legs weie elevated. Gulfathiarole, 1 Gm. ereiy four hours 
for ten days, hud no ctfeet on the ~xmptoms and signs. The temperature rose each 
afternoon to 38° C. On the thud daj pain dcreloped in the right heniithovax and on 
ptn.siral c.xamimitmn theic were a fin lion rub and a few fine iiTlos m the region of 
the eighth and luntli ril.s at the posteiioi axithirr line. On the fourth day three 
additional thrombo-ed \eiiis weie palpable on the inner aspect of the right thigh. 
Gullurcs (,f tlie thioat icreiiled lieinoi.rtie st,eptoeoeci, pncumoeocei, .and Micrococcus 
latarihalis. \ hlood lultuie showed no giowtii. 

Two weeks aftei admission, examination of the blood showed; R.B.C. 4 325 000- 
heiimglobin, 11.3 Gm.: letn iilmw (es. 0.0 per cent; W.B.C.. 11,900; and 'platelets' 
149.280, The Weeding time was T,i/., minutes (normal, .’i to 0 minutes). DifTorential’ 

■'O; moimmielcars, 1,3; eosinophiles, 9; ,„vdo- 

During the see„„d and tliir.I week .(.iimdiee gradimllv dcreloped; bv the end of 

-er m"T'' fif‘I>‘rveek it was 

i>i . 1 lie tilood nonprotein nitrogen rras 42 mg. per 100 c.c. 
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Artifuml A'\( r llicr!i[i\, lliru' tri tliinn(H on iiKerniifc din** Aor oncJmlf, one, anrl 
line !iii(l one lull f hnurii (o 101“ j'., („),] fr in'.funono of oOO c c. nm} 230 ec 
revpeetivolj, lirmiulil -oim. miproxf nitnl of tlie <-uolliiic fin-l pain in the legs Be 
<aiise of foiere tniiM - 1 nnd anoroMa, feeding witli 'imigrn, Karo, jea'.t, and minerals 
n.is attempted, hut had to hr> ahindoiied as the naiisi i and ahdoniinal di«tre =3 be 
i.ime more marl.ed 

-\t the end of tlie iitili, l,T3l) < e of Mooch lluid acre rcmmed from the 
peritoned laMlu t ultiiris of the Jlmd rtmained sterile nnd mjcrn-copic examination 
of the sediment rueahd no tumor cells 

On .Tnlj ft), forlj lliria; dnjs after ndniission, the patient liesame wcahcr and 
lapsed into a stuporous i-tnte. IX iininntion of the chest rcxealed many moist rales 
oxer both upper long fields The blood pr(ss„re fell to 7_V.il and he dic'd the folloir 
lag dux, .Tilly 17. 

i litiicci! /iii/irrs'ioii — Migr.itorx throiiibophlebitis of the legs, left arm, and 
peixis; pxlejihh bitis, reient infarst of intestine; pitlmon iri infarct, right; broncho 
pneumonia, bil.ileml; and e'cleriml hemorrhoids 

.liitopsi/ (\\. U. Autopsy Xo Oil.!) — There xxorc 3,000 cc of bloodj ascitic 
tluid. The tail of the p ineroas xxas exjuiided to tune normal size bx a grayish 
xxliitc, glossy tissue The remainder of the pancreas xias norm.al The greater part 
‘ of the paronehxmn of the lner xxas replaced hi metastatic tumor Meta«tases xvere 
present on the inferior surf.ice of the diaphragm, in all lobes of the lungs, and in the 
penpancroafio, leliae, .ind abdominal periaortic hmpli nodes From a point 2 cm 
aboxe the orifues of the renal xeins the inferior vena c.axa xx.as filled xntli a thTomhus 
xxhieh evtended doxxii through the common, internal, nnd cxternnl iliac reins 
bilnlenill;i. In nddition, the splenic xcm xxas entircl.x occluded b.x a thrombus, ns 
vxero also the portal rein nnd its mtrahepafic radicles Sexcral of the branches of 
the pulmonnrx arterx in the loner lobes of the lungs contained emboli There xrere a 
fexx infarcts in the loxxor lobes The xciiis of the greitcr omentum xxere dilated, 
tortuous, and filled xxith thrombi Aficroscopic soition of the pancreatic tumor 
shoxxed an adenoenremomn 


Cxsi 2 (Hospital Xo Mcdiiiiie SWl).— A 07 j car old white night xvatchman 
xxas admitted to the Bnnies Hospital for the first time on June 5, 1941 

Hines'! Vpon Admission — Bight ueeKs before admission he suddenlx dereloped se 
xerc pain m the loxxcr nbdoiiicu There xxas an associated nan=ea and a change in bowel 
habits — urge to defecate imiuediatelx after each meal A roentgenologic examination 
of the gastrointestinal tract at the Barnard Free Skin and Cancer Hospital xxas 
cntirelx negatixc Since the onset he haxl lost thirty pounds m weight On the dax 
of admission he noticed tint the left arm xxas sxxollen, slightlx painful, and blue 
Fast Utiiory — He had been m cxeelleiit health until the onset of this illness. He 
had had pneumonia at the age of GO, but there xxas no histoij of other serious illness 
or injury 

Thofanulj historx xxas negative 

Physical Examination — Temperature, 37 4° C , pulse, 7S, blood pressme 114/70 
The left pupil was slightly smaller than the right TJie teeth were esnous and 
1 tx" Tlio heart and lungs xx’ere normal The abdomen xxas soft, nontender, and 
organs or masses xvere palpable The prostate xras enlarged to twice normal 
d xxas firm and tender. The entire left arm xxas swollen, cold, and a mottled 
size an axillary and supraclaxicular region there was a soft swelling 

““rebLon; Fsaraiiimtions-HBC, 4,700,00, Hemoglobin, 10 Cm ; WBC, 15,200, 
rnial Urine 1 plus albumin, numerous hjaline and granular casts; 
differential no . 

and 20 to negative and the blood nonprotem nitrogen xxas 29 

parasites The Kahn test xxa b 

mg. per 100 c c. 
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jRoentgendlogic Examination . — film of the thorax showed only lengthening of 
the aorta. 

Course . — During the fifteen days in the hospital there was a persistent diarrhea, 
with as many as nine stools in a day. On rest, elevation, and external heat, the swell* 
ing and cyanosis of the left arm subsided and the patient was discharged on June 
18, 1911. 

Second Admission . — The patient was readmitted to the Barnes Hospital on July 
7, 1941. Since discharge ho had observed gradual enlargement of the abdomen and 
the appearance of jaundice. 

Physical Examination . — In contrast with the first examination, just one month 
previously, the patient was now markedly emaciated, dehydrated, and jaundiced. The 
left hand was slightly edematous and a firm cordlike structure could be palpated in 
the left axillary space. The veins over the left pectoral region were dilated. Over 
tlie right lower thorax there were respiratory lag, slight impairment of the percus- 
sion note, diminished breath sounds, and many fine crackling rfiles. Bluid was easily 
demonstrable in the peritoneal cavity. The veins about the umbilicus were con- 
spicuous. The abdomen was not tender and no masses could be palpated. There 
was edema over the sacrum and of the lower extremities. 

Lahoratory Examinations. — K.B.C., 4,200,000; hemoglobin, 75 per cent; W.B.C., 
10,200, differential normal; blood nonprotein nitrogen, 45 mg. per 100 c.c. ; blood 
amylase, 12 units per 100 c.c.; and plasma proteins, 5 Gni. with 2.3 Gm. of albumin 
and 2.7 Gm. of globulin. Urine, 1 plus albumin; 4 plus sugar, and 1 plus acetone; 
urobilinogen was present in a 1:25 dilution when tested with Ehrlich’s reagent. 

Course . — On the second day after admission, 4,000 c.c. of yellowish brown fluid 
were removed from the peritoneal cavity. E.\-amination revealed a specific gravity » 
of 1.007, and 3,000 red blood cells and 100 wliite blood cells (all lymphocytes) per 
cm. Histologic study of the sediment for neoplastic cells was indeterminate. 

Clinical Impression. — Carcinoma, probably pancreatic; questionable cirrhosis of 
liver; portal obstruction, probably by metastatic tumor; probable pulmonary 
uietastases; thrombosis of the left subclavian vein; generalized arteriosclerosis; and 
benign prostatic Iij-pcrtrophy. 

Autopsy (IV. U. Autopsy No. 9295). — There were 2,500 c.c. of clear yellow fluid 
in the peritoneal cavity. The anterior part of the body of the pancreas was large, 
and the cut surface revealed a hard, white, dry tissue. Distally the pancreatic duct 
was distended to twice normal size, and contained a viscid, light yellow fluid. The 
tail of the pancreas had undergone atrophj- and fibrosis. Tumor tissue had extended 
tlirougli the walls of the splenic and portal veins, and the lumens were filled with 
thrombi. Tlio hepatic artery passed through the tumor, and the lumen was obliterated 
by compression and by a thrombus. There was a constriction of the lower third of 
the common bile duct by masses of tumor and dilatation of the common and hepatic 
ducts proximally. Many of the intraliepatic branches of the portal vein contained 
thrombi. Metasta.sc.s were pre.^ent in the liver, all lobes of the lungs, the adrenals 
bilaterally, and the mesentery of the ileum. Tumor tissue was found in the peri- 
pancreatic, celiac, perirectal, and thoracic periaortic Ij-mph nodes extending to the 
wall of the esophagus. Tliroughont the tertiarj- radicles of the pulmonarj- artcrv 
emboli were pre.-ent. In all lobes of the lungs e.xccpt the middle lobe of the rioht 
lung there wore infarct.s. The left subclavian vein was filled with a thrombus distal 
to the junction with the internal jugular vein. Microscopically the tumor in the 
pancreas was an adenocarcinoma. 


DISCUSSION 

The diitienl historic.s ami cxainhiatioiis in rliese (wo patients were 
i-eiimri;ably .similar. Botli were men in the latter half of life (51 and 67 
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y('ar.s) who .son^'ht iiu-dh-al iulviw lua-aiisr oi' and .sweliin- of one 
01 - nioi-o exlroniify. Tin- .smmd palivnl also noaijdaiin'd of pain in tlic 
lowi'i- alidonien and a clian^o in hownl hahils. A\ no lime did the first 
liavc s.vnii)(onis rclVralilc to llu; alidominal viscera, excc])t nausea and 
ahdoininal discoinrort diirini: the last two weeks of life. An abdominal 
mass was not palpable in either. IJolh deveiojiei! leriiiinal .ianndice. 
ifoth had a.seiles with (lie aeeninnhilion of a bloody fluid. It is of in- 
(eiesl llnit a brollno- of (he (irst ]ia(ienl di'-d of .some abdominal condi- 
tion with ■■thromboiihlebiti.s," 

Jhe eiinieal liistory was dominated by (he siens and .symjitoms of 
imiltiide venous thrombi. 

In order to extend (he work <tf Spronl. a review has been made of all 
eases ot eareinoma of the pancreas, whether of (he head, bod.v, or fail, 
in the !),.S(K) antojisies, records, and slides which are on file in the de- 
partment of jiatholoiry of the 'Washinirton University School of iMediciiie. 
In the i),SOO antojisies there wi-re thirty cases of eareinoma of the head 
of (he jianercas. Uf these not one was associated with multiple venous 
thrombi. In five there was it sintrle thrombosed vein. Anal.vsis of those 
five instiinces showed that in three (he wall of the vein was invaded by 
tumor. In the remaining (wo the pulmonary arteries contained emboli, 
which by their shajie were thought to have originated in the long veins 
of (he extremities. One of two was a.s.soeia(ed with cardiac decom])ensa- 
(ion. Therefore it is obvious that the thrombi found with carcinoma of 
(he head of the jianereas can readily be cxjjJaincd by well-recognized 
mechani.sms. 

In (he same series of autojisies, twenty-one eases of carcinoma of the 
body or tail of the jianereas were available for study. Seven, or 33.3 per 
cent, showed niultijile venous thrombi. Ten, or 47.6 per cent, had at 
least one thrombus. This eomjiarcs with (he figures of 31 jier cent and 
56 Jier cent re.sjicelively. rejiorted by Spronl. These figures are in 
marked contrast witli those obtained in eases of carcinoma in the head 
of the pancreas. 

Before any conclusions may be drawn concerning the relation of ear- 
einoma of the body and tail of the pancreas and multiple venous thrombi, 
it is well to review each of the various factors which miglit conceivably 
influence the incidence of thrombosis. 

DchilUy. Debility is no more characteristic of carcinoma of the liodij 

and iail of the pancreas than it is of cancer of the head of the same 
or'^an or no more characteristic of this condition than of any other 
chronic and wasting disease. Since the multijilo venous thrombi arc 
found much more frequenth- in the condition under discussion, debility 

Pannot be the basis for the phenomenon. 

Decompensation. — ^Naturally, cardiac decompensation wit/i 
Ga)diac Pe considered as an explanation for the clinical 

venous s asis +i,pqe natients. In one of the se^-eii cases revealing 

picture presented uj 
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multiple tlirombi there was clinical evidence of cardiac failure. Digital- 
ization had l)een carried out and the patient was considered clinically 
as compensated. Therefore, it is highly improbable that decompensation 
wa.s the fundamental factor, although it may have contributed in that 
one case. 

Mechanical Pressure . — In tl>e eases reviewed, none that could be ex- 
l)lained on the basis of pressure by the primary tumor or Ij-mph nodes 
containing melastases was considez’ed to rcpi'esent thrombosis as dis- 
cussed in this communication. The extent and positions of the thrombi 
rule out direct compre.ssion as a factor. 

Invasion of ihe Vein ^YaU . — If invasion of the ve.ssels by tumor is a 
major factor of pathogenesis, then carcinoma of the body and iail of the 
pancreas must be markedly dift’erent in the invasive potentialities of the 
cells from carcinoma of the head of the pancreas, and from any other 
malignant tumor yet known arising in any organ. Duff* has pointed out 
the greater tendency for metastasis in carcinomas of the body and tail 
of the pancreas, as compared with that of tlie head. Yet it is extremely 
doubtful whether sufficiently widespread dissemination of neoplastic 
cells could take jdace to produce the bizarre aud widespread thrombi 
wliieh occur with this condition. Direct proof that invasion of the 
venous wall is not the priinaiy cause is supplied by microscopic study, 
which failed to reveal malignant cells at the sites of the thrombi. 

“Thrombophlebitis .” — Some patients who actually had carcinoma of 
the body or tail of the pancreas and who majiifested this by multiple 
and migrating z-enous thrombosis have been designated as suffering from 
‘ ‘ migratory thrombophlebit is. ” It is generally agreed that infection of a 
vascular wall leads to clotting. Yet in the cases under consideration no 
infection was noted grossly, and microscopic study of the wall of the 
vein revealed no inflammatoiy process. 

Disturbed Hepatic Function . — The question may be raised as to 
whether the role wliich the liver plays in blood clotting is disturbed in 
carcinoma of tlie pancrca.s. either by obstruction of the hepatic duets 
or by destruction of flic inirenchyma of (he liver by mctasta.ses. Of the 
twciity-ono cases of carcinoma of the body or tail of the pancreas, onlv 
three had no metastascs in the liver. Thc.se metastases were totallv un- 
related to the |)hcnomcnon of multiple venous thrombosis. It is. further- 
more, to be noted that jaundice in llic.se patients, if it occurred at all 
(five case.s only), was terminal and many times not intense. On the 
other hand, in malignant tumors of the head of the pancren.s, okstruetion 
of the bile duct with jaundice is among the fir.st signs. These tumors 
metastasize to the liver fre(|ncntly enougli and thrombosis is infre- 
quent enough so that it can be .stated that neither oli.stniction to the bile 
duct nor destruction of lici.alie tksue Is responsible for the abnnrm-il 
tendency to thrombo.sis. 
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Tho Jd'olilcm is tlKTcIniT mluccd (o (ho soni'ch for a dislurbaneo in 
(lio pniioroas itself as an (■x])Iaiiation. Atrojiiiy and filn'osis of the body 
and (ail ot (ho pancreas inipdil, by rcdiicinf>: pancreatic tissue, i-emove 
a normal socrotion and !)]'inrr almnl an ahnormai clotting niedianism. 
.Such a pathologic change of ad-oidiy was observed in ten out of the 
(hir(.\ cases of carcinoma of (he head of (he jiancreas, yet in these cases 
(here was no (ondoncy (o thromI)osis. 

Acute licmorrliagic necrosis of ))ic pnnavciis damages the organ 
•seseivly. rwenty-two cases of (his condition were reviewed and none 
showed a tendency to multiple (liromhosis. It is true that the veins in 
the immediate ai'ea ot damage contained thrombi, but (licse were not 
com]uira!)lc to the generalized tliromhosis seen in tiie cases of carcinoma. 


In acute interstitial jjanercatilis there are edema, congestion, and in- 
filtration with })olymorphoiutclear Icncocytes. Eight examples of this 
condition were examined, with negative results. 

Iiierease in tlie i?i(erlol)idar and inli-alolnilar fibrous tissue of the 
pancreas may he tlie result of a jn’cvious in.iury, of arteriosclerosis, or 
it may be a })ar( of the jiroeess of ageing. In any event the function 
of the organ might diminish. Thirty-five patients showing these changes 
were chosen at random from (he .same general group as tlie prei'iousl.v 
cited instances of carcinoma of the jianercas. None showed multiple 
venous tliromhosis, although seven liad a single thrombus. All of these 
seven ina.v be roadil.v c.xjilaincd ; two cases were caused by embolism 
from a mural thrombus in the lieart, two b.v pyemia, two b.v cardiac de- 
eompensation, and one occurred in an immediate area of injury. 


In diabetes mellitns a disturbance of pancreatic function may be 
postulated, with a dysfunction of at least one type of cell. Accordingly, 
the jirotoeols of autopsies in twent.v-seven diabetic individuals ivere 
nnal.yzcd. Eleven of these showed hyalinizafion of the islands of Langer- 
lians. Not one iiad more than one thrombus, and onlj’ three revealed a 
single thrombus, the basis for each of which was clear; mural thrombus 
in the heart giving I’ise to a pulmonary embolus (two cases), and throm- 
bosis of the left femoral and iliac vein folloiving an amputation of the 
left leg (one case). Furthermore, consideration of such relatively un- 
common processes as adenoma of the pancreas (four eases), hemo- 
chromatosis of the pancreas (four cases), tuberculosis (one case), and 
advanced chronic passive congestion of the pancreas (four eases), shows 
that none of them rvas associated with thrombosis. 

In the group of metastatic tumors destroying the pancreas, leucemic 
• filtrations are included. Forty-one ex-amples were reviewed and two 
found to have multiple venous thrombi without any satisfaetoiy 
of these were instances of carcinoma of the stomach, 
explana ion. that this tumor is third in the series of 

aiid bpron ^,ith multiple venous thrombi. Six of this group 
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showed a single thrombus. Three of these were caused by direct in- 
vasion, one by compression, and two were unexplained. 

It is clear that only in the case of a primaiy carcinoma of the pancreas 
located in the lody or tail is there a consistent development of multiple 
venous thrombosis. It appears to be a peculiarity of these tumoi’s that 
the blood clotting mechanism is disturbed in this way. Either the neo- 
plasms secrete an excessive amount of a substance normally produced 
by the pancreas and involved in the clotting of blood, or thej' give rise 
to an abnormal substance which hastens clotting. Sproul has made 
several suggestions as to how the clotting mechanism may be disturbed. 

The microscopic appeaiunee of the tumors of the body and tail ivas 
studied and it was found that thii-teen contained mucinous foci. All 
examples of multiple thi’ombi fall within this group. Sproul noted that 
all except one of her patients with multiple thrombi had mucinous foci. 
Inasmuch as some tumors contained mucin and were not associated 
with thrombi, Sproul felt that no causal relation could be expressed. 
Nevertheless, it is striking that no tumor without mucin shows the 
phenomenon. Of the thirteen cases showing mucin, seven had multiple 
thrombi. In two, autopsy permission was limited to an examination 
of the abdominal cavity, and no statement could be made regarding the 
condition of the veins. In one there is some question as to whether 
the tumor arose in the head or body. Under a favorable interpretation, 
tiicreforc, only three out of the thirteen cases showed mucin and no 
thrombi. Whichever view is taken it can be said that the phenomenon 
of multiple thrombosis occurs exclusively within the group of mucinous 
carcinomas. This lends support to the idea that primary carcinomas of 
the body and tail produce an excess of a substance which enhances the 
clotting mechanism. Further evidence is given by the studies of Sugiura, 
Pack, and Steward who extracted an adenocarcinoma of the body and 
tail of the pancreas and compared the result with the extract of three 
normal pancreases. The enzymatic action of the extract on starch, 
casein, peptone, and esters was comparable until the normal, that is, the 
tumor had a physiologic resemblance to normal pancreas. 

The mucinous tumors of the pancreas may arise from the ducts. 
Kiefer^ state.s that cyliudric epithelial cells are of ductal origin; Ewiu"- 
concurs and mentions a rare gelatinous change; Kai-snei"’ feels that tlie 
cylindrical cells arise from the ducts but points out the fallacy of such 
a morphologic comparison when dealing with malignant tumors. It is 
possible that the ductal epithelium, normal or neoplastic or both 
elaborates and secret e.s a substance that is concerned with the dotting of 
blood. ^ 

CONCLUSIONS 

Two cases of carcinoma of (he pancreas, one of the body and one of 
the tail, arc reported. In both, imiltiple venous thrombosis'was a promi- 
nent leature of the clinical and pathological picture. 
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liirly ciiscs ol ciirciiioina r)i' the ii.'ad, and Iwonty-ono of tlio Iiocly 
.'1)1(1 tad of tiio j)anciras are revit'wed. (.^areinoiiia of the body and (ail 
)S assoeialed with niidliph; venous (litwid)osis in a high pei'cenfage (33 
p( I cent ) . whereas earcinoina of tin; lusid sliows no sueli striking associa- 
tion. (kiiisidering the diftienlly of perforndng a really complete antop.sy 
uilh an adeijiiate e.vanii nation of all veins, and in view of the ea.sc with 
which a tiast history .migtiestive of imdtij)Ic venous tlii'Oinbi may he 
passed over as iiniinjxn'tant, even .such liigh figni'cs may he loo low. 

in view ol (he gias-it dinieidly in making a diagnosis of carcinoma of 
the i>anereas early enough to he of any jiraetical aid lo the ])aticnt, the 
value ol an early diagnostic sign is o))vions. It is urged, therefoi'e, that 
in every patient either siisiu'cted or known lo have .such a tumor, all 
factors ol the hlood clotting nie(*hanisin l)c studied energetically. It 
may ho that some difi'erenee not yet sn.s})eetcd may hecome apparent ora 
now .snhstanee he i.solaled. This would in turn act as a diagnostic agent 
in the future. Further, in any ease of so-called "niigratorv thromho- 
phlchitis'’ the iiossihility of the diagnosis of carcinoma of the hody or 
tail of the pancreas must he considered. 


Carcinoma of (he hody and (ail of the j»ancreas is not so rare in com- 
imrison to tlu' incidence of carcinoma of (he head as one would he led 
to helicve hy many reports ((wen(y-o?ie ca.ses compared to thirty cases 
in a .series of 9,S00 autopsies). 

Extrinsic factors such as dehility, cardiac decomiiensation, meehanical 
l)re.s.sure, invasion of the venous wall, pideliitis, and damage to the liver 
were considered and found to he inadequate to explain the phenomenon. 


Inti’insie factors were also reviewed. These arc ntrophy and fibrosis 
of the hody and tail of the panerea.s, acute hemorrliagic necrosis of the 
]>imcrcas, acute interstitial ]inncreatitis, interlobular and intralobular 
fibrosis, diabetes, adenoma, hemochromatosis, tuberculosis, and chronic 
passive congestion. None of 1he.se arc any more sati.sfactory as an ex- 
planation than invasion of the pancreas by metastatic tumors. 

It is concluded that carcinoma of the body and tail of the pancreas 


is unique in being associated with multiple venous thrombi, and it is sug- 
o’csted that these tumors may secrete an abnormal substance or an undue 
amount of a normal substance concei-ned in blood clotting. This assump- 
tion is supported b.v (he fact that in every case showing multiple thrombi 
the tumor is of the mucinous type. A thorough study of all factors in 
the clotting mechanisms of palient.s with this neoplasm is urged, in the 
hope that "a characteristic change may be di.scovered and used as a 
diagnostic method. 


Meclicint', acMo" 
iiiES and ■ 

viewing tiie nner 
ment ot Surgery 
tliis paper. 
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IliDWAItt) .ScUN’L'f!, ^r.D., ClXCI.N'.VATI. OlIIO 
(Irom the Jitpartmt'iU of Suritrn/, Collrpr of Medicine of the Vniversitij of 
an/} f),f Cincinnati Gencrai CaspitalJ 

jVyfUCIl has been written on , the subject of sj)ontaneous occlusion of 
tile superior inosentcrie vessels, but discussions on the course and 
tieatnicnt of injuries to tliese A'essels have been neglected. It has been 
an accepted fact tliat the spontaneous occlusion of eitlier the superior 
luesenterie arteiy or vein carries a nearly 100 per cent mortality rate. 
Isolated. ease.s have been reported where .slow occlusion of the superior 
mesenterie artery occurred, giving time for sufficient collateral circula- 
tion to develop and maintain the viability of the inte.stine. I have found 
no report of a jmtient surviving after a sudden complete occlusion of 
the sujierior mesenteric vein. We recently bad a patient, the victim 
of a gunshot wound of the abdomen. Avbo recovered following the liga- 
tion of the .superior inc.senteric vein. A report of this ease follows: 


E. C., n 3S-ypnr'olil colored iiiiiii, «ns admitted to the Cincinnati General Hospital 
about thirty minutes after receiving a gunshot wound of the abdomen. 

E.vamination revealed a well-developed and well-nouri.shed colored man lying flat 
in bed. lie was quite uncooperative, which made the examination difBcult. Tem- 
perature was 9S° F., pulse 72, respirations 18, and blood pressure 110/70. The 
patient’s .skin was wiirm and ho showed no e.vternal evidence of shock. Sis head 
and neck showed no remarkable findings. Examination of the chest revealed no 
posifire Endings. 

In the left abdominal wall 21/. cm. above and 3>/. cm. lateral to the umbilicus 
was found a bullet wound of entrance. The abdomen was scaphoid and showed 
generalized tenderness and rigidity. Peristaltic sounds were absent. Liver dullness 
was normal. 

Palpation of the back revealed the bullet to be lying just under the skin and 
just to the right of the midline at about the level of the fourth lumbar vertebra. 
There was moderate tenderness of the lower lumbar spine, but no deformity was 
demonstrated. 


Bectal examination revealed slight relaxation of the sphincter. No tenderness 
or gross blood was encountered. 

A. neurologic examination revealed normal cranial nerves. The refle.xes and motor 
nower in the upper extremities were normal. Motor power was present in the left 
leg but the patient was unable to move the right leg. Keflexes in the lower ex- 
tremities were absent bilaterally. The Babinski test produced no response. A 
sOTSory examination was impossible due to lack of cooperation from the patient. 

Examination of a catheterized urine sample was negative. The white blood 


count was 15,800. 

=ic was made of a gunshot wound of tlie abdomen and .spine with 
robable pEetration of the stomach and cauda equina injury. 


■^ived for publication, April S. 1W3. 
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X-ray pictures of the ahaomen and spine revealed no free gas under the dia- 
phragm, and the bullet nas seen just to the right of the fourth lumbar vertebra. 
A fracture of the right lamina of the fourth lumbar vertebra nas present. 

An exploratory laparotomy nas done through a long right rectus incision under 
cyclopropane anesthesia. Only a small amount of free blood rvas found in the 
peritoneal cavity. Perforations of the anterior and posterior walls of the stomach 
near the lesser curvature nere found and were closed with interrupted silk sutures. 
The abdomen nas thoroughly explored and no other injuries to the hollow organs, 
liver, kidneys, or spleen were found. However, in the region of the pancreas and 
third portion of the duodenum there was a large retroperitoneal hematoma. A clot 
which was located on the lower border of the pancreas was removed from the bullet 
tract in tbe posterior peritoneum and rapid bleeding ensued. The third portion of 
the duodenum was tlien mobilized, and no perforation in the duodenum was found. 
Mobilization of the lower border of the pancreas revealed the bleeding to he venous 
in character and arising from the region of the superior mesenteric vessels. Tem- 
porarj' hemostasis was obtained by compressing the superior mesenteric vein above 
and below the injured site. The superior mesenteric vein was then dissected out 
and was carefully separated from the superior mesenteric artery coursing next to 
it. Xo injury to the artery was found. Because of the patient’s poor general 
condition, and due to the large size of the defect in tiie vein, it was decided that 
a repair of the vessel was not advisable. The vessel was divided and doubly ligated 
with double medium silk ligatures. 

Pollowing the ligation several interesting changes occurred. The vein distal to 
the ligature, of course, became markedly dilated, and the superior mesenteric artery 
also seemed to dilate slightly. The muscle tone of the entire small bowel became 
markedly increased and peristalsis became extremely active. Subserosal petechiae 
appeared over the surface of the small intestine and the venous radicals in the 
mesentery became dilated, but no definite diffuse cyanotic color appeared in the 
bowel. 

The peritoneal cavity was dusted with 6 Gm. of sulfanilamide powder, and the 
abdomen was closed with through and through steel wire sutures. The patient left 
the operating room in fair condition. The Levin tube which had been inserted into 
the patient’s stomach prcopcratively was connected to a Wangensteen suction, and 
(lie patient was given continuous nasal oxvgcn. The patient had received 500 c.c. 
of lilood and 700 c.c. of saline solution intravenously during the operation. 

In accord witli the advice of Dr. Louis Herrmann, heparimzation was begun 
four hours after operation, using the continuous method and administering the drug 
(hrougli a continuous vciioclvsis inserted into the saphenous vein. The patient was 
Riven 1,000 units of Iicparin eacli hour in a normal saline solution. Determinations 
of the clotting time, using the capillary tube method, were made everj- four hours 
until it became maintained at between ton and fifteen minutes. After the first 
twenty-four hours the clotting time was nicely maintained at this level, using 3 000 
milts of heparin each hour. The licparmization was continued for five davs after 
Hic operation, during vvhicli tune no clinical evidence of bleeding either internallv 
or externally appeared. Intravenous sulfadiazine, 4 Gm., were given daily for six 
davs and 2 Gm. a dav were given for the next tlircc days. On the fourth post- 
operative day pcnstalsiv appeared and tlic Wangensteen suction was discontinued. 
Tlie patient received a unit of planna on the second and third davs postoporativclv 
and after heparin tlicrnpy was di'-eontmued, lie received frequent Wood transfusions. 
Tlie patient's fluids were maintained with intravenous saline and glucose solutions 
On tlie eightli dav after operation the patient liegan vomiting, and the Wangen- 
steen suction was again instituted, .attempts were made to discontinue the gastric 
suction during the next few davs. hut voimting nlwiivs reappeared. 
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Oil the (Imtcciidi iliu nn ii|.jicr Kii^trnmfi'sliiml \ i.n ‘■enos «as 

ilntn', winch kwciiIciI n i niniilctc <ilm| ruction of the third jmrtion of the duodenum. 
'I his oli'-tiiiclioti fulled to ie-.|>oiiiI to eoiiMTMifne theni|i\ and on the sixteenth 
Iios|o|ieifiti\i d»\ an ex(doiafor\ )a;i iiotriiii,t tuii done through a right rectus in 
iision miller g.-i'- o\> gen ethei anevllieda. Kxidorafinn of the abdomen rcxcalod 
nliiiieioii>. adlieiioiis thioiighoiil the upper iilidonieii. Thr“.e adhe'ioiis were cxtreineh 
abiindani in the region of the thud portion of the dnodenniii and the adjacent 
border of the jiaiuie.i^. 'I’liej ajijieuied to hiue ari'-en ax a unction to secretions 
i mitt the infilled [itnereas. nxuniiiiatioii of the small iiifesfine rexealed jiatchi 
ijaiiotic areas thronghoiit its leiiglii. with iiinn.' palihes of organizing subsero'al 
Iieiiiatoiiias in the iiiesenleij. The lionet nail seeiiied ijiiite liable and healthj, 
noi inal in diainetei, and jieristalsis was present fl'ig. 1). 'fhe leins in the nie-enterx 
of the sniall boWel and right eolon s 'eiiied sbghth distended. The superior and 
infeiior (i iiicieatodiiodeiial and gastric epiploic leiii' nero zjnitc inarKcdly dilated 
The colon tippeiieil ipiilo nornial exeept for .•idhesioiis aroiiiid the mid transierse 
rolon nhieli were i oiitinnoii~ with those around the leiiiere is. 



Vn attempt was made to fiee the adhesions aioiiiid the thud poifion of the 
toorJeni'im and, if possible, to expose the swpeuoi niescnteiie lessels in this legoii 
uc ,se of the abundance and densitj of the adl.csions it was impossible to separate 
• r tissue oieihing these stnietuics. It was then decided to do an aiife.ior 
rerostonn using n loop of jejunum distal to the ligament of Tieitz. This 
gasfrociiter s difficidtj. Sulfanilamide was placed m the pe. 

procedure w. abdomen was closed with through and through steel wire 

Uoneal eant.v 


stttuies jVingensteen suction, mtraxenous sodium, sulfadia/ino and 

Using ^cwdinuou^^^^^^* continued on to a 
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complete recoveiy except for lesidual neurologic cimngcs in flie riglit lower extremity. 
He wap (liscliargecl on liis sixty-second hospital da}'. 

He lias been seen on several occasions since liis discharge from the hospital. He 
is now on a general diet and gaining weight. He has no complaints referable to 
the abdomen but still does have quite marked neaknc.p.s of the right leg. The 
abdominal wound is well healed. 


Tlie .study of tliis ease bring.s up for discussion several iuterestiug 
practical points. Tlie iratliways through which au adequate collateral 
venous retuvit was accomplished are immediately conjectured upon 
(Fig. 2). In 1868, Chiene’ reported the findings of an autop.sy which 
illustrated very nicely the collateral eireulation between the visceral 
and parietal vessels of the abdomen. This necropsy was performed 
upon a patient with an aneurysm of the abdominal aorta which had, 
due to the formation of a laminated clot, caused the development of a 
complete obstruction to the celiac, .superior, and inferior mesenteric ar- 
teries. It was definitely proved that tlie obstruction of the.se vessels Avas 
of long duration, and yet tlie blood .supply of all the viscera seemed en- 
tirely aderjuate. With the blood vessels injected, a tliorougli dissection 
of abdominal and pelvic ve.ssels was can-ied out. There had developed 
a good collateral circulation with the ileocolic artery tlirough the last 
dorsal, lumbar, and ileolumbar ve.sse!s. A branch from tlie splenic ar- 
tery supplied the splenic flexure of the colon, anastomo.sing with the ar- 
terial loop formed by the middle and left colic arteries. The superior 
hemorrhoidal artery wa.s as large as the femoral and anastomosed with 
the ischiatie, lateral sacral, and middle hemorrhoidal arterie.s, all of 
which Avere dilated. It .seems quite logical to a.ssume that a collateral 
A'enous circulation may deA'elop through the same collateral patliAA'ay 
by tlie A'enae coniites of these arteries. 


Additional eollateral.s betAveen the .sy.stemic and portal circulation 
huA’c been described in the standard textbooks of anatomy. Communi- 
cating A'eins are consistently found betAA'cen the left renal A'cin and the 
middle colie veins. The left renal A'ein also couimunicates AA'ith the in- 
ferior pancreatoduodenal A-ein. There are connecting A'eins hetAA'een 
the retrojAoritoiieal branches of tlie inferior A'ena caA’a and the me.sen- 
leric A’eiu.s of the intestine, the so-called A'eins of Retzius. 


Tt Avas definitely noted in our patient at tlie time of the second opera- 
tion tliat the superior and inferior pancreatoduodenal and gastric epi- 
ploic veins Avere definitely dilated. The superior me.scnferic vein had 
been ligated above the origin of the inferior iiancreatoduodcnal vein, 
thus alioAving a collateral venous return from the proximal portion of 
the .small intestine to juiss through the inferior and sujierior paiiereafo- 
dimdenal veins to the gaslroe))iploie and Iheuce to the superior meseii- 
Urie veil) above the point „f injury. The transverse eoloii Avas involved 
in a mass of adliesious so tliat the middle and loft eolic veins in 
region emihl not he visualized, hut. undoubtedly, the anastomosis lie- 
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tween these two vessels iniisl aecotinf for some of tiic A’ciioiis flow from 
the ripht nnd transverse colon. The ilcoeolic vessels were not exposed, 
hilt n collateral could be developed between this vessel, the last dorsal, 
liinibar, and ileoliinibar veins. The veins of Ketzins may be added to 
this collateral venous .sy.sieni. 



. Hintion of superior mesenteric vein. 1 , An^- 

O —Arrow indicates P°?“f Hor nanweatoduodenai veins, also between inferior 
"hptween superior and P o°*Anastomoses between superior and Inferior 

torooses betwee^^j and left renal \ ^ns. veins, also between middle colic and 

pancreatoduo e yjj.augj, middle a^ it c^ veins, and ileolumbar 

f^ocPTtteric - Anfietomoses between ^«£ror>fnrv >iAHxTnpn simerlor mesen- 


left renal 'em®- veins of Retzius. S. Anastomoses between 

SteS d «“»; m. .nd 

a’dd!S-*“' 
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This patient "was given continuons heparin therapy beginning four 
hours after operation and continuing for fii'e days. This therapy un- 
doubtedly played an important role in the re-establishment of the mesen- 
teric venous circulation. Jilurray" and Laufman^ have done experimen- 
tal Avork in regard to the use of heparin in patients with mesenteric 
thrombosis. Both agree that heparinization tends to prevent the spread 
of the thrombotic process. Laufman believes that in eases of extensive 
infarction (over 5 to 10 cm.) heparin is harmful in that it promotes 
extravasation of blood into the -wall and lumen of the bowel and thus 
produces shock and death. He does advise its use in conjunction Avith 
resection Avhen only short segments of bowel are involved. We feel 
that in eases of extensive involvement, as Avell as in the less severe cases, 
heparinization may be of definite benefit. If given early, heparin keeps 
the stagnant blood in the venous channels in a fluid state, giving time 
for the collateral channels to dilate and develop sufficiently to take over 
the return A'enous floAV. If the veins AA-ithin the boAvel AA-all and the 
. mesentery are alloAA^ed to thrombose, then the development of collateral 
circulation is, of course, imiiossible. 

In any patient Avith impaired circulation of a part, it is extremely 
important to maintain a norma! blood pressure, normal blood volume, 
and normal oxygenation of the blood. Special attention was given to 
these factors in this patient’s treatment. This patient’s blood volume 
and blood pi-essure, in spite of severe bleeding, Avas maintained dimng 
and after operation by intravenous fluids, blood, and plasma. In addi- 
tion, he Avas given continuous orophaiyngeal oxygen after operation. 
In anj' patient AA-here the deA-elopment of an adequate collateral circula- 
tion is necessary to maintain the rdability of a tissue, the maintenance 
of adequate blood pressure, blood volume, and normal oxygenation is 
of vital importance. 

comment 

In studying this case, one immediately suspects that this patient may 
have an accessory superior mesenteric vein AA-hieh took over the venous 
return from the small boAvel. This is certainly possible, although we 
believe it to be quite improbable. It AA-as noted at the operating table 
that, after the ligation of the superior mesenteric vein, the small inte.s- 
tine developed a tonielike contraction of the muscles in the bowel AA’all, 
This I haA-e ob.serA-ed in dogs folloAving the ligation of the mesenteric 
vein. The me.senteric veins became dilated, and subserosal petechiae 
appeared almost immediately. At the second operation, residual or- 
ganizing subserosal hematoma Avcre still present and the boAvel wall still 
retained a cyanotic color in several scattered areas. This patient had 
an extensive iiijnry of the vein AA’ith much destruction of vein Avail 
Avhich made it impos.sibIe to repair the vessel. In cases Avhere a repair 
of the ves.sol is possible, it is probably the procedure of choice. 
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1. A cjiM' iiiid (lisciissifiii ())■ ji iKiticii) ^^||() .siii-vivcd J’ollowiii^' 

llic lififilioM 1)1' llic superior ineseiiU'ric vein Iwis Iteeii I'eeorded. 

‘J. In i»alien(s wilii sjionlaiieoiis oeeliisit)!! of' flic superior aieseiitorie 
vein Die iiiortaility rale eloseir ap()roa(di(‘s 100 pev cent. 

•'i. The potential ]>a(li\vays for the <levelopnienl of eolJatei'al circula- 
tion ineideni fti eoniph'le ohsfrnetion of tlie sn|)ei-ior ine.senterie vein 
wt're reviewed. 

•I. 'I’he iniporlanee ol' early, adequate, and eontiinioiis ]ie])ariiiizafion 
a-- an aid to tlie de\'elo|im(*nt of collateral venous channels is stressed. 

.■>. 'riie developnienf of an e.xteiisive collateral cii-cnlation requires the 
inaintenanee of adequate hlood pressure, blood volnaie. and noraial o.vy- 
irenixation of the hlood. 
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THB TEKATJIENT OP ACUTE EilPTEJIA BY CONTINUOUS 


TIDAL IRRIGATION*^ 


Edgak J. Poth, Ph.D., 51.0., GalyestO.v, Texas, akd 
5Iaky E. 5I.VTHES, 5I.D., Sax Fr.vxci.sco, Caeie. 

(From the Department of Surgery, University of Texas Medical Drcinch, Galveston, 
an<7 the Department of Surgery, Stanford University School of Medicine, 
and Hospital for TToinen and Children, San Francisco) 


B ecause of its frequency, empyema thoraei.s i.s the most important 
surgical lesion of the pleura. The nature of the lesion was recog- 
nized by Hippocrates, who advocated treatment hy drainage. The 
treatment is complicated l)y one’s inahilit.v to put the part to rest and 
hy the property of the lung of collapsing and ci’eating a large cavity 
or dead space. To effect a cure the atteixdaut infection must he ar- 
rested, all foreign material removed, and the dead space olditerated. 

The principles underlying the mechanics of respiration should be 
understood hy the surgeon treating this disease, and he should ap- 
preciate the possible disastrous comsequences of an nntiinely opening 
of the thoracic cavity to communicate freely with the outside. 

The aim of the treatment of acute empyema is twofold: preservation 
of the life and the prevention of the development of a chrome disease. 
This aim is realized by the proper application of any procedure which 
will give early, free, and efficient drainage to the cavity, prevent para- 
doxical respiratory movements of the mediastinal structures, and allow 
the lung to re-expand to fill the cavity and obliterate the dead space. 
If a dependent outlet is j)rovided, good drainage rc.sults. Resection of 
the proper rib will allow effective drainage, but this procedure has 
some disadvantages, especially in children. A simple tube introduced 
between the ribs does not permit adequate drainage. A tube can be 
I)lace<l through the chest wall at the lowermost level of the cavity, but 
unfortunately the material to be removed must find an exit through 
an opening in the tube. This opening cannot re.st in the most depend- 
ent portion of a pleural cavity and remain patent for any length of 
time. The pus and seerctions ean. however, be effectively removed 
through a tube if they are diluted and Hushed away. 

Xuinerous seheme.s’'*^ have been devised to provide eontinuous irri- 
gation of emjiyema cavities. Hart obtained good immediate and 
late results by employing tidal irrigation. The main difficulty with 
most of these i)i'oeedures arises fnmi the complicated apparatus used. 
.\ scheme for tidal drainage is pre.sented in this eomiminieation, fm- 
which the apparatus is fell to he simple. If the principles governinn- 
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tlio action of Uiis device are understood, the details of its operation 
oecoine self-evident. 

Paradoxical respiratory niovoinents of the mediastinal structures are 
prevented if tube draina-e is employed, or if open operation is post- 
poned until franlc pus is present. It should be recalled, however, that 
ehronie empyema is more frequent after delayed operation, and in nias- 
si\o syiipneumonie purulent eflusioiis and putrid empyema following 
the 1 upturc of large pulmonary ab.secsses, it occasionally seems impera- 
tuc to establish drainage befoi’c the mediastinum lias become stabilized. 
T hese persons have extremely low respiratory reserve and must be 
guarded very carefully trom even minor paradoxical respiratorj' move- 
ments. Likewise, immediate drainage inny he nece.s.sary on the occasion 
of a spontaneous pyojmeumolhorax or so-called “tension pneumo- 
thorax” to relieve high iiitrathoracie jiressure. Ordinarily pus is pres- 
ent under considerable jire.ssiire, and when thoracotomy is performed 
the mediastinal tissues Avill shift toward the affected side. The mere 
shift of the mediastinal structures follovung an ill-advised rib resection 
does not cause all the iintou’ard symptoms solely because of the reduc- 
tion of the reS])iratory reserve; they arc also due to the superimposition 
of paradoxical respiratory movements preventing the noncollapsed 
portion of the lung from filling and emptying efficiently. The tidal 
air flows in and out of the lungs because of a difference in pressure 
between the air in alveolar spaces and the atmospheric air. In the 
absence of an adequate respiratory reserve a rather insignificant para- 
doxical movement might make it impossible for these differences to be 
established. Another abnormal mechanism which inhibits proper 
aeration results when air from the functioning portions of lungs is 
forced into the collapsed areas on expiration, and then on inspiration 
this same spent air flows back info the functioning portion. This phe- 
nomenon occurs when there is a considerable to-and-fro flow of air 
between a pleural cavity and the outside through a large hole in the 
chest wall.® The duration of the disease will not necessarily determine 


the mobility of the mediastinum. Where considerable pleural thicken- 
ijm occurs early, the mediastinal structures will become fixed in a 
relatively short time. In conditions such ns exist in hemolytic strepto- 
coccal infections, however, fixation will not take place until much later. 

Treatment with irrigations is an efficient method of removing layers 


of fibrin from the pleural sui’faces, and as soon as these surfaces are 
clean the lung will re-expand to obliterate the dead space and heal 
the empyema. Two conditions may prevent this course; first, rare in- 
tances of pulmonary fibrosis, and second, atelectasis due to a plugged 
^ • ehus When re-expansion is unduly delayed, bronchoseopic exami- 
natron may reveal a bronchus plugged with mucus which can be re- 

’ved bv direct aspiration. , . , 

' t be emphasized that consistently good results are obtained 

It mus e observation of and attention to the minute de- 

only by consciem. 
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ails of the treatment and course of the disease. This statement is true 
egardless of the form of treatment. Particular attention should be 
riven to the patient’s nutrition. Jlany of these patients have endured 
prolonged debilitating illness and are in poor physical condition, 
lowever, when efficient drainage is established the fever disappears 
ind the appetite is restored. A high vitamin, high caloric diet will be 
•elished. As in most diseases affecting the respiratory apparatus, food, 
•est, and good hygienic conditions contribute much toward recovery. 

Points in Diagnosis and Prcliminanj Studies . — The diagnosis of em- 
jyema frequently is overlooked because the condition is not suspected, 
so-called unresolved pneumonia is usuall}'^ unrecognized empyema, 
riie absence of physical signs should not be considered as sufficient to 
exclude the diagnosis of empj^ema, and x-rays should be taken. The 
presence of a scoliosis following pneumonia with the concavity toward 
the affected side is highly suggestive of empyema. The final positive 
diagnosis must rest on the aspiration of pus. This pus must be exam- 
ined for tubercle bacilli when pyogenic organisms cannot be demon- 
strated. It must be realized that the pus of an empyema following 
pneumococcus pneumonia is frequently sterile when first obtained by 
thoracentesis. 

At the time of making a diagnostic puncture one should be prepared 
to remove as much pus as possible. Pus under pressure should not he 
left in contact with a puncture wound. Meningitis, pericarditis, and 
other blood-borne infections are favored by such a procedure. Pus is 
removed until respiratory distress is relieved. Then air is injected 
and pus withdrawn alternately in small equal amounts until the car-ity 
has been evacuated of purulent exudate. The use of a three-way cock 
and .syringe makes this a simple bedside procedure and ensures ac- 
curate control over the quantities of fluid withdrawn and air injected. 

This combined aspiration of pus and injection of air serves several 


functions: (1) It relieves pressure; (2) it decreases the surface area 
bathed by pus and so reduces toxic absorption; (3) it reduces the 
required frequency of aspiration in the event that thoracotomy is de- 
layed, because the slowly absorbed air compensates for the reaccumula- 
tion of pus; (4) it keeps the cavity partly distended and lessens the 
likelihood of early pocket formation; (.5) it permits accurate x-ray 
visualizaliou of the extent and nature of the cavity; and (6) it ocea- 
Monally re.sults in a cure of the empyema. 


If x-ray ])icturcs are taken with the patient in various positions a 
complete and accurate outline of a cavity is obtained. A loculate cavitv 
will show sevend fluid levels. iWultiple cavities and cavities connected 
by narrow channels are easily demonstrated. An unsuspected, accom- 
panying interlobar collection of fluid may become evident because of 
the visualization afforded by this iloiiblc contrast technique. A knowl 
edge of the e.xtcnt and outline of the fluid collection will direct the 
plan of attack as well ns be extremely helpful during the course of 
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tlior.'ip.v, ospccijilly .s])„ul,l coDiplirafiojis arise. As .sd'rgc.sfecl by Ihmiui/ 
fi lai^e ((iiaiif il y of air srrvc.s nmrii lu-Kor f Jian a .sinaJ) amount. 

Jiili 1 ( ])(‘ti1 i())i ()1 a.s))iratioii aii<l air iiijorfioii is sohlom ncce.ssai'v 
Ix'I’oro tlK.rarofomy is floiw, il .slmiihi ho porformccl as fivcjuontly as 
lu((.ss,^^ to i'(‘li(M'(‘ respiratory fli.st I'e.ss. 'I’lii.s j)i-oeediire combined 
with the adiiiiitistration ol .siilfaiiilaniide will cure a certain percentage 
ot the l»atieiifs witli .stis'ptoeoeeai infections if they are 7 iot seen too late. 

7//C InsljtufiOH of I)rtii)i(i(/r . — AVIien the decision Iia.s been. made that 
drainage is iieeessai'y, when the pus has become thick and fibrinous, 
and wlien it has jiot been po.s.sil))e to domonslrate the presence of acid- 
fast organisms, .siini)le tube thoraeolor-'.y is done. 'While this is ordinar- 
ily a bedside ])roeednre. it must be done in a very exact manner. An 
aecuimilative expcp-ienee has .shown that eei'tain precautions mu.st he 
taken. 


First, a Xo. 22 h’reneh urethral eatiieter fitobinson) of medium stiff- 
ne.ss is .selected and prepared. The size of this tube is not determined 
by the size ni- age of the j)atient. but b.v the ehai-aeter of the material 
to be removed. About one-third of the length of the catheter is cut off, 
and the end is cut on a bevel. Four to six small fenestras are cut in 
the distal two inches of the catheter. Xol for the purpo.se of making 
the tube a better drain but with the idea of Jiiaking- its end more flexible 
and reducing the pre.ssure it might o.xci't against tis.snes pressed upon. 

Second, the tube is jplacc'd as near the centei’ of the cavit.v as possible, 
ft is undesii'able to place the tube at the edge of the cavity because 
healing oecui's at the jperipheiy and would encase the drainage tube in 
a Jieavy fibj’ous tract. Also, the tube must not come in contact with 
the diaphi'agm. Capps and ColemaiC made an extensive stud.v of pain 
arising from the human pleura by tactile stimulation of various loca- 
tions. The visceral pleurae are insensitive. Stimulation of the parietal 
pleura causes sharp local pain due to the rich .supply of sensoi'y fibers 
from the intercostal nerves. The central portion of the diaphragmatic 


pleura receives its jicrvc supi)Iy fiwn the jfiirenic nerve, and the periph- 
eral rim of the diaphi'agmatic pleura for t^vo to three inches is inner- 
vated by the seventh to the twelfth intercostal segments. Stimulation 
of the centra! portion of the diaphragm gives J'ise to pain referred to 
the neck through afferent impulses along the phrenic nerve and trans- 
mitted as efferent impulses out the tliird and fourth cervical segments. 
The region of maximum pain is most frequently along the ridge of the 
trapezius muscle and is characterized hr a point of maximum pain and 
tenderness .surrounded by a zone of hyperesthesia and hyperalgesia. 

T • ■’t tion of the periphei'al rim of the diaphragm null cause pain re- 


ferred to the lower t 


thorax, abdomen, and lumbar region. Drainagf 


tubes and l^cks a 


oainst a mobile diaplu-agm are not tolerable. Few 


1 vc escaped the embarrassing experience of operating on a 
surgeons la^ .symptoms wei-o due to an early i>leui-i.sv. 


ehild for ai)pendioilis 
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A location anterior to tlie jiosterior axillary line betiveen the fifth 
eight rihs is the site of ehoiee for tube tiioi'aeotomy. Tims the sea 
is avohleih the iwui uioveiiK'uls are not interiei’ed with, and the pat 
ean lie on his back without pressing on the tube. 

Third, the site having been chosen, an exploratory puncture is u 
Avith a large needle, and the pre.ssnre is relieved. With the need; 
place, the skin and subcutaneons tissues are incised parallel to tin 



1 — Ihf spvcMl 
tiM itT'i ;«nfl tlitiwn to ‘ctnlt* Th» 
2 nim. 


P Ills of tho Iniprator, aimf'n^sion.s in 
rapilino siphon tube Ims nn inside dianio 


X.Uc Til,..-,. ,1,1111 nviuns Mu.iilil !„• rlRiaiy iiiUiered to. Tile ■•lire-ither hole" 
e In the .siiniile Kh,..s conneiior tvilie. (The.e ,n, s r"n he oh 

ro„i nifhle, .,,,,1 nnihe. fill Mle^lon Siriet. Son |■l,lnei^eo. riilif.) 


iiiargitt. 'I'lie iiieisiou must be sufficiently long to bold the fnhe to 
as illustrated in Fig. A. If the skin does not fit .snugly anaiu.sf the 
her tuhe, any lealiage anniml the tnlie ivi)! eome to (he surface 
will not dissei't suiu-utauetuisly (e form an ahsre.ss of the chest 
hi this series this enniplieatioii did not oeeiir during treatment 
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fwo occasions llie tube u'/is (lelii)crately placed llirougli pre-existing 
abscesses and served to drain the lesion. The course of the exploring 
needle being followed, a suitable trocar is passed through the chest 
wall into the einpyenia cavity. Occasionally, it is desirable to pass 
obliquely through the intereo.stal inu.scles. The catheter is inserted 
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Should the end of the tube escape from the cavity and come to lie m 
the chest ivall, it can seldom be replaced through the same opening. 
Once the tract has become stabilized by granulation tissue, the catheter 
is withdrawn until its lowest fenestra is about one inch inside the 
boundary of the parietal pleura. Externally the tube is fixed to the 
chest wall as shown in Fig. 4. This method of fixation contributes 
much to the success of the treatment and to the comfort of the patient. 



3 . — Tuho r added to the apimratu.s .sliown in Fijr. 2. This attacUment 
Forvo'* to carr>- lluld Into tlio wnste bottio It .*thoij]d the patient force fluid, throuch A 
thirln;: n paroxy^rij of couKhln^. Stopcock G iB adjusted to deliver 20 to 30 dron«? 
of thr lrrj;:ant per nilnnle. Ti»l5 fluid divides at L to pass Into the oleurnl f'tviU* 
or Into tho contalm r /; to clianpc the fluid level from Level II to Z^cvcl I, At recrt 
/ thW slptmn C overflows to drain the apparatus and Uie chest caviiv to 7 / 

an<l n sjM'clIvf'ly. * it 


The siphon n)iJsl drain shnviy 
ns Dji* fluid h'vnd In tin* «pp:\ratU'» fnlls. 
op* n. 


the Cliost cavity 
TliP bre.illior-hoIc.V’ In /; and JJ muit be 
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SiiK'o tlu‘ fan iiiovo abniit witlioul fear of pain fioin slipping 

and diagging of IJip Inijc, llieie i*, Tniicli Jess icstrielion of movement 
Sliould file inti'reosfal sjiaee lie insnfTlleienf fo leeeive flie diainage tube 
svithout eonijiression nr willionl eaiising jiain, a poition of liii should 
be reseel cd. 

I hi Tc(Jnn(ju( of Ti ralmcnl . — In flie tiealment of acute einpjema a 
dynaniie .sysfem is concerned, am] the jinrt cannot be placed at eorii- 
])lelc rest, f'lianges occur eonlinuoiisly ivliieh must be recognized and 
dealt svitb as soon as they take jilace. If the foimation of a pocket is 
recognized early, simple distention of the geneial empyema cavity \m1! 
break down the wall of thejioekef 



otomj wound 


The iiiigatoi (Fig 3), filled with iioinial saline solution, is attached 
immediately aftei the introduction of the cathetei The top of the 
siphon and the outlet tube, F, aie placed at approximately the level 
of the chest, Level II Cock G is adjusted to deliver 30 to 40 diops 
• minute of physiologic noinial salt solution continuously, which 
r to wash the diluted pus out of the system beyond the cathetei 
After twelve to twenty-foiii liouis, depending upon the condition 
lit the siphon tube C is laised to a position about 15 cm 
of the pa ehamher B This adjustment initiates auto- 

above the ou 

tidal If®*"' ae exadato Obv,o„aly, fl.c heiel.l of tl.o 
to dilute and wash away 
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entire apparatus determines the maximum and minimum pressures in 
the cavity. Continuous suction below atmospheric pressure should 
never be applied during tlie early stages of the treatment of uncom- 
plicated acute empyema because of the likelihood of forming pockets. 

The most critical period of so-called closed drainage comes within 
the first Uve days of treatment and usually during the first twentj'- 
four hours. A “shower of fibrin” takes place due to the rather dra- 
matic shedding of the accumulated fibrinous coat from the granulating 
pleural surfaces of the cavity. This material will come away in pieces 
much too large to pass through the drainage tube ; consequently, the 



1 Ik t — A sclK*m ilic tlenionstralion of the cour&c* of healing? ^\hcn* A. Suction 
appUetl, the pleural suifacos aic brought Into contact, adhesions de\elop and 
niuUiple pocktt formation ie‘5ults i7. suction Is not applied and heaUng results be- 
iWLcn the clean gianuUting suifacts from the peripl\cr> the Infection ^subsides 


tube hocome.s plucged. One iiui.st now paticnfly break up this material 
and slovly e^aeuatc it This is done by oecluding tubes J and K with 
one hand while alternately eomprc.ssing and releasing those tubes ivith 
the other hand between the point of occlusion and L. This procedure 
sets up a vigorous to-and-fro flow through tlie intubation catheter 
and will miuce the particles caught in tlie end of the tube to a size 
which readily passes through the system and can be removed by wash- 
ing. This operation consumes an hour or more of time, causes the 
patient little eoneein, nml usually requires repetition once or twice 
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]' ollou iiiff fliis sliowei’ of fibrin, 500 c.c. of Dakin’s solution are placed 
in file ('inj)ly reservoir 7' twice daily. Tlie Dakin’.s solution serves to 
dissolve and looseJi fibrin and exudate if any remain; otherwise normal 
salt solution is used for continuous iirip-ation. 

The use of a solution of sodium tetradecyl sulfate (1:800) and azo- 
chlornmide (1 :2,000) buffered to jdf 7.4 ns the initial irrigating agent 
has resulted in comj)Iefc solution of the pus and the fibrinous coating 
of the empyema cavity in fifteen hours. The patient Avas a 2l/o-year-old 
Negro child Vvith a postpneumonic emj)yema of three Aveeks’ duration. 
The pus had the appeai-nnce of thick, split pea soup so characteristic 
of ])neuniocoeeal empyema. The type I pneumococcus Avas groAA'n fi’om 
the pus. The entire left chest Avas affected, Avith displacement of the 
heart and mediasfinal structures completely to the right. At no time 
during the subsequent three Aveeks’ period of treatment by tidal irri- 
gation Avith normal saline and half-strength Dakin’s solutions did pus 
reappear. If this experience of complete dissolution of the fibrinous 
deposits can be duplicated, the treatment of empj'ema Avill be greatly 
simplified. 

The apparatus siiould be inspected carefully tAA-iee daily bj' the per- 
son in charge of the case. One aauII recognize at a glance, by the to- 
aud-fro movement of fluid in the apparatus, that free communication 
exists betAveen the irrigator and the caA'it.A’. After the irrigator has 
been emptied and Avashed out, the caA-ity is distended by pinching shut 
tube K, opening cock G Avidely, and then successive!}" occluding and 
releasing tubes J and 7f. AYith tube If pinched shut and tube J open, 
the cavity is distended Avith fluid until the patient complains or coughs, 
until the fluid leaks out around the catheter, or until the pressure in 
the caAdty becomes sufficient to stop the floir from the reservoir T. 
This simple procedure repeated tAvice daily breaks up any adhesions of 


unhealthy granulating surfaces and pi’events pocket formation. 

Leakage around the tube can be of two varieties: suction of air into 
the cavity and escape of fluid out of the caA'ify. In stz'eptoeoceal in- 
fections the catheter frequently Izecomes loose on the fourth to the 
scA^enth day because the tissues retract and under these circumstances 
o-ranulations are sIoav to groAV out against tlie tube. To prevent leak- 
ao-'e of air into the cavity the catheter is passed to fit snugly through 
a'sheet of rubber dam Avhich is fixed to the chest Avail by adhesive ties 
the four corners, or a pack impregnated Avith zinc oxide ointment 
^ laced around the catheter. The outward leakage of fluid is pre- 
uted by'loAvering the irrigator .I'nst sufficiently to stop this Aoav Avhen 

flip anpai'atus is full. , . . 

ji bronehopleuj-al fistula the imgatoj-, full of fluid, 

In the Pi®®® Poa<rhing is no longer excited. The fistula ordinarily 
is loAvered aaiuu 
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heals in one or two days and the apparatus can then be raised again. 
Dakin’s solution cannot be used in the presence of a bronchopleural 
fistula because it will cause coughing. This rather violent coughing is 
frequently the first objective sign indicating the pi'esence of a broncho- 
pleural fistula. In the case of infants, however, the first sign may be 
the vomiting of Dakin’s solution which has been swallowed. If a 
fistula does not close spontaneously, operative procedures must be 
undertaken. 


The volume of the cavity can be followed by measuring either the 
amount of fluid required to fill it or the quantity obtained when the 
cavity is emptied. These data, however, merely give an indication of 
the e.Ktent to which the lung has re-expanded but do not indicate 
accurately the area of involved pleura. The extent of the cavity and 
of the pleural thickening should be followed by weekly x-ray studies 
by the double contrast technique previously described. 

After cultures of the fluid are negative and the e.xudate is scanty the 
irrigator may be lowered to give a so-called negative pressure in the 
cavity. The cavity is, however, activelj- distended tivice daily as be- 
fore. Should the patient’s temperature show an evening rise, the irri- 
gator is raised again immediately. 

As the size of the cavity decreases, the catheter is shortened. AYhen 
the volume of the cavity is reduced to about 30 c.e., the tidal irriga- 
tions will cease, and the apparatus is detached. Lipiodol is in.iected 
and films are taken to demonstrate the pos.sible presence of small sinus 
tracts. The cavity is irrigated three times daily with Dakin’s solution. 
The use twice weekly of a generous amount of 1 per cent silver nitrate 
as an irrigating solution will effect a rapid obliteration of the residual 
cavity and tract. The use of the silver nitrate solution is both pre- 
ceded and followed by irrigation with distilled water so as to minimize 
the amount of silver chloride precipitated. Finally, the catheter is 
extiTided from the healing tract, which will have become so small that 
the tube cannot be replaced. Folloiving two or three days’ ob.servation 
tlie i)aticnt can be dismissed from the hospital with the tract com- 
pletely healed. Should the temperature rise after removal of the tube 
the tract will not have healed, and a .small tube can be reinserted and 
Dakin’s irrigations continued for a few more days. If healing of the 
tract is unduly prolonged, it might be excised and packed. In this 
series such a procedure lias not been necessary. 


msulta of Tm/t aim /.—Fifty-five consecutive eases of postpneumonie 
cmiiycma were treated during a period of six years cxtendiim from 
Ur.l4 to IMG (Tables 1. II. and DII. No cases in which the patients 
were treated since 19-10 arc included in the discussion of end results 
because after a two-year period of freedom from .symptoms, with nema- 
tive x-ray inctiircs and physical examination, recurrence is unlikeTv 
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•Roth of the^,; jiatlont.*- imd pneuiiiococcu„ infections. The cause of dcatli is dis- 
cii.s«C(I III the tc.\t. One death ivns <Iue to inonliigltis and the other to flbropiiruient 
pericarditis. 


T.,\BhE in 

ro.MI’iiK’ATIO.VS ESCOUSTEhKP IK 35 CoK.SBCUTIVE CaSE.S IX 'WHICH Patiexts Weke 
TEEATED BV Tid\E iKniOATIO.V 


COMPhtCATIOX 

Bronchopleural fistula 

Empyema necessitatis 

Pericarditis (fibrinous) 

jreniiigitis 

Diabetes 

Otitis media 

Lung abscess 


XO. 

__ 

2 (pneumococcal) 
1 (fatal) 

1 (fatal) 

1 

10 

1 


Two-year foUow-iip studies JiaA'e been obtained in fifty-four of the 
cases. There liaA'e been no recurrences and in no patient has a chronic 
empyema developed. 

Two deaths occurred. One patient was 9 months of age, a 7-month, 
premature syphilitic infant who had fully developed signs of meningitis 
before thoracotomy was performed; at autopsy approximately one- 
third of the cerebral cortex was found to be involved. The empyema 
I't r Avas empty and free of pus. The second death Avas that of a 
pr^ ese infant 18 months of age. This child had signs of pericarditis 
1 cfTre thoracotomy was performed. Death occurred suddenly two 
^ r drainau-e of the chest. Postmortem examination shoived the 

days a e ‘ empty and free of pus. A massive fibropurulent 

empj’'ema caA . patients had a fatal disease ac- 

pericarditis Avas piesem. 
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cessory to the empyema thoracis before drainage was instituted, any 
treatment to cure the empyema was obAdonsly futile. 

In a consideration of the length of treatment required, the cases 
must be divided into two groups : (3 ) Those in wliich treatment A\-as 
without terminal irrigation with silver nitrate solution, and (2) those 
in Avhich treatment was with terminal silver nitrate irrigations. The 
number of cases are about equal in each group. Without the use of 
the silver nitrate irrigations, the small residual cavities around the 
drainage catlieters healed very slowly. Nearly as much time was con- 
sumed in obliterating these small tracts as was required to secure the 
previous healing of the large empyema cavity. From our experience 
with the second group it may be stated that if silver nitrate irrigations 
are used as soon as the cavity has been reduced to a volume of approx- 
imately 30 C.C., the entire expected period of treatment will be three to 
five weeks, depending upon the extent of the original effusion. 

The presence of a concurrent infection such as otitis media will pro- 
long the period of treatment. Little healing occurs as long as an active 
underlying pneumonic process exists. 

In this series healing has oceurred regularly without the reaccumu- 
lation of pus, without the development of chronic empyema, and with- 
out permanent deformity. 


mscussiox 

In this study of fifty-five eonsocutive cases of acute empyema, with 
treatment over a period of six years, the factors of periodic variation 
of virulence of the cau.sative organisms and severity of the disease 
tend to be eliminated. Therefore, it should be possible to take the 
results of this study as representative of what might be expected for 
any average period. 

It would be incorrect to leave the impre.ssion that the good results 
reported in this communication were entii'cly due to the tidal irrigator 
used. The apparatus does greatly simplify the handling of an indi- 
vidual case of empyema ; but .strong emphasis must be placed on the 
fact that the treatment was carried out in all of its minute details bv 
only two individuals. It is entirely possible that another form of treat- 
ment would give e<iuuUy good results if conducted under the same con- 
ditions of general care and attention to details. Obviously, experience 
in the handling of this type of ca.se influences the eour.se of the disease, 
and tliis fact might become of increasing importance for the individual 
patient if the incidence of emjiyema is lessened by chemotherapv in 
pneumonia. 

The introduction of chemotherapeutic measures employing the .sul- 
fonamides ami detergents will prohaldy result in cure in a liFgher per- 
centage of eases of empyema during the early stages l)v siinple thor-i- 
centesjs. The use t>f il.e.se agont.s''- combined with llie tcclinique of 
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aspinition niul air injection as suggested by Danna” and JIcEnery 
and Brcnnoiiiaiin’' may \ecll reduce tlie number of eases of empyenia 
requiring surgical drainage. 

Ihc repiaccnient o1 jnis by air is a valuable aid in completely out- 
lining the character and extent of the cavity. The use of this double 
conti'ast x-ray tccliniquo will fi'cquently reveal an otherwise obscure, 
coexisting, interlobar collection of fluid. 

'i'he early obliteration of the cavity with the aid of suction will often 
result in multiple j)ockcl formation, and this sequence is probably the 
main factor eontriljufing to the failure of closed drainage. Early in 
the treatment the apparatus should be adjusted to give, during each 
tidal cycle, a pressure on the fluid in the cavity alteimately above and 
below atmospheric. This procedure, together with the daily forceful 
distention of the cavity, jirevents multiple pocket formation and per- 
mits healing at the ])eriphcry as the pleural surfaces become healthy 
and the Jung re-expand-s. 

During approxiniatcl 3 ' the first half of this study the period of treat- 
ment was prolonged bj- inabiJit.v to secure prompt liealing of the residual 
drainage tract. Subsoqucutl.v, prompt healing occurred following irri- 
gation with a solution of silver nitrate. 

We do not advocate the use of anj' single routine treatment for 
empyema thoracis, because success or failure in the treatment of this 
condition is largclj^ due to the attention given to the details of what- 
ever therapeutic measures are employed. 
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PERFORATION OF THE CERVICAL ESOPHAGUS 
■WITH ilEBIASTTNITIS 


Kexxeth D. Grace,® JI.D., LaGrakge, Ga., axe Thomas M. 
Irwix,® M.D., Orlaxdo, Fla. 


P ERFORATION of the esophagus has been in the past, and still is, 
a major surgical catastrophy. Numerous reports -are in the literature 
describing this accident. Its cause may be any object that can be swal- 
lowed. In the case reported liere, a broken piece of acrylic, a plastic ma- 
terial forming a partial upper denture, was the offending agent. Plastic 
material in one form or another is gaining jiopularity in almost every 
field today. As more of this valuable material is used, one should 
expect to sec and hear of industrial accidents resulting from its use. 
Unfortunately, it is not radiopa<iue, a fact which makes localization 
of the offending piece very difficult and often impossible. A report 
on this accident is not intended to condemn plastic dentures but more 
lo inform those using such material of the potential danger accompany- 
ing its use. Broken plastic dentures, because of their location, may 
cause damage to the oral cavity or to the esophagus, as in the case of 
this patient. Likewise because of its thin sharp edge when broken, it 
may cause a severe laceration or penetration of soft tissue. The ever- 
present bacteria found in the oral cavity and esophagus find an e.vcel- 
lent field in the injured tissue and immediately begin their destructive 
processes. 


In discussing surgery of the esophagus, Sauerbruck and O’Shaugh- 
nc.ssy* state that factors which have enabled progress in the surgery 
of the gastrointestinal tract are mi.s.sing in surgery of the e.sophagus. 
The stomach and intestines arc readily accessible and can be freelv 
inoi)iiixcd to permit extensive repair and resection. Repair is simplified 
by the vital reaction of their serous coat. Should postoperative infec- 
tion take place, its spread may be limited by the localizing action of 
omentum and peritoneum. 


^ 'Ihe esoifiiagus is difficult to reach. There is no superfluous length, 
tsmall lacerations are difficult to repair. Tliere is no serous extcimal 
coat and little natural tendency to localize postoperative infection. The 
mfeetinn may involve the pleura, mediastinum, or even the pericardium, 
Ihe esoidiagns is a musculomembranous canal. 2.1 to 26 cm. in leimtb 
leading from the pharynx to the stomach. The inner or mucous coat is 
coiiijmsed of stratified s(|uamous epithelium resting on a loose sub- 
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as])initi()n aurl air iijjootioii as suggested hy Danna” and JIcEnery 
and Lreniioniann’' may well reduce llic nunihcr of cases of empyema 
iX'f|uiriiig surgical drainage. 

I lie rcplacenicnl of ])iis hy air is a vahiahle aid in completely out- 
lining the ehai'actej- and e.vtent, of the caA'ify. The use of this double 
contrast x-ray teelinirjue will fre(|nentlj' reveal an otherudse obscure, 
coexisting, interlobar collection of fluid.* 

The early' obliteration of the cavity Avith the aid of suction Avill often 
resnlt in nuiltiplo pocket formation, and this sequence is probably' the 
main facloi" contidbnfing to the failure of closed drainage. Early in 
the trcalinent the apparatus should be adjusted to giA'e, during each 
tidal cycle, a pressure on the fluid in the caA'ity alternately above and 
beloAV at mospheidc. 'I'liis procedure, together AA'ith the daily' forceful 
distention of the cavity, prevenis multiple pocket formation and per- 
mits healing at the periphery as the pleural surfaces become healthy 
and the lung re-expands. 

During approximately the first half of this study the period of treat- 
ment AA'as prolonged by inability to scenro prompt healing of the residual 
drainage tract. Subsequently', prompt healing occurred folloAA'ing irri- 
gation AA'ith a solution of sih'cr nitrate. 

We do not advocate the use of any' single routine treatment for 
cnipyewa thoracis, because success or failure in the treatment of this 
condition is largely due to the attention given to the details of AA'hat- 
ever therapeutic measures are employ'ed. 
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Under direct esopliagoicopy, a lacerated area ^\as seen just below tlie crieo- 
phaijngeal pinclicock on tlie left (Fig. 3). The mucosa below this point \ias greatly 
sHollcn and inflamed, blocking tlie lumen, and fuitliei instrumentation was tliouglit 
inadvisable. The patient -nas hospitalized, and since he could swallow water, he was 
given 2 Gm. of sulfathiazole by mouth, cniilied and suspended in water, and 1 Gm. 
four hours later. Temperature on admission was 99° F., pulse 70. Xine hours 
after admission, at 7 :00 A.ii., Nov. 30, 1942, the patient complained of seveie pain 



Fig. t — X-iay oC pUte shoning tlmt the plastic material is nonopaque. 
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mucous layer. Once the cj)itlicliuni is j)enctratccl by a foreign object, 
it meets little resistance in the loo.se tissue of tlic submucosa. The 
nuiscular coat consists oi two layers of sinootii muscle, an outer lon- 
gitudinal and an inner circular layer. 

Tbe distance from the uj)j)er inci.sor lectli to the cardiac orifice is at 
least 37 cm. The blood supjjly in the uj)per portion is denved from the 
infei'ior thyroid artery, in the thoracic portion from the bronchial ar- 
teries and the up])er five interco.stal artei'ies. The main blood supply 
ior the lower ])ortion is derived fi’om a .single branch of the aoi’ta which 
divides into an ascending and de.seending braiich. The venous return 
from the o.so])hagus is by way of the inferior thyroid, azygos, and 
hemiazygos veins. The lym]iiiatic drainage is by way of the deep cervical 
glands in the ujijicr third, tlie bronchial and mediastinal glands in the 
middle third, and the glands along the lo.sser curvature of the stomach 
in its lower third. 

The nerve su]i])ly of the esoi)hagus is derived from the vagi and the 
sympathetic trunk. 

The relation of the esophagus to surrounding structures is especially 
unfortunate in regard to sj)rcad of infection. Tliere is no anatomic 
block to dependent spi'ead of infection from perforation of any portion 
of the organ; in fact, the esophagus itself acts as a pathwa.r for spread 
into the mediastinum. Tlie deep cervical fascia of the neck limits external 
spread of infection, further encouraging drainage into looser mediastinal 
tissue. These facts, plus the poor tendency of the esophagus to close 
or limit spillage from itself following perforation, make any injury to 
it especially dangerous, and requires prompt action on the part of the 
surgeon. The most frequent portion involved in perforation is the 
cervical portion. This fact greatly facilitates necessary surgeiy be- 
cause of the relative ease with which the neck and superior mediastinum 
can be drained. Perforation of the thoracic portion is more serious 
because of immediate mediastinitis and because of the much more diffi- 
cult posterior approach when drainage is instituted. 


CASE KEPOKT 

The patient, C. A. K., n So-vear-old wliife ."ioldici', n nntivc of 'Wi.'-ponsin, wa.s 
jidinitted to tiic Station Ho.spital, Camp Steivart. G.n., Nov. 29, 3942, at 30:00 p.M. 
While riding » tos six hours before .ndrai.ssion, iie had been eating liard candy 
and broke off a piece of tlie plastic portion of a partial uppei denture in Iiis mouth, 
llowing it After the denture ivas broken and sivaiion-ed, he felt immediate 
° his throat. He ate more candy, attempting to force the particle donm. The 
pam jjjg throat and he was able to sivalloiv witor only with great ditfi- 

at time of admission. 

mouth and throat revealed nothing of importance. Under 
Examina i Uaiium, nothing could be seen ns the plastic maicrinl is non- 

fluoroscopj, ^ ^ mvallon’ of barium paste «’as given. In the upper tliird of 

opaque (Fig- ■ >• where the barium had difficulty imssing 

the esophagus on le passed this point, it descended to the .sfoniacli 

(Fig. 2). Once the ramopa^ 

with ease. 
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in his neck and back. On palpation, there was very slight subcutaneous emphysema 
noted on both sides of the neek, wth moderate bilateral swelling. The temperature 
nas then 102" F. and pulse 90. All medication by mouth was discontinued and 
sodium sulfathiazole, 3 6m., was given intiavenously. A flat x-ray plate of the 
chest and neck taken at this time revealed a marked widening of the mediastinal 
shadow (Fig. 4). It also rerealed a tissue emphysema extending from the medi- 
astinum upward through the fascial planes of the neck. The foreign body was 
not visualized. One thousand cubic centimeters of 5 per cent glucose were given 
intravenously. At 4:00 P.ir. the temperature was 103° F., pulse 120, and the patient 
was almost comatose. The pressure and emphysema of the neck had grown pro- 
gressively worse during the day. Drainage of the neck tissues and mediastinum 
was decided upon and approximately twenty-four hours from the time of tlie ac- 
cident operation was performed. 

Operatiic llcporf.— Under sodium pcntothal intravenous anesthesia, a sLx-ineh 
incision was made along the medial border of the loft stemomastoid muscle, ex- 
tending witliin one inch of the suprasternal notch, upward. The pretracheal muscles 
and stemomastoid were reflected laterally from the midline and the thyroid gland ex- 
posed. Tlie inferior thyroid vesscl.s were ligated and the gland reflected medially. 
This exposed the trachea, csopliagus, and carotid sheath. The carotid sheath was 
then followed downward close to the esophagus, by blunt finger dissection, until 
pulsation of the aortic arch could bo easily^ palpated. By further blunt dissection, 
all muscles and fascial planes were separated, for drainage. Only a serous exudate 
and much air in the loose areolar tissues were encountered on the left side. On the 
right side of the neck tlie same procedure was performed and here was found frank 
pus within the fascial planes of the neck and around the carotid sheath, ns well 
as serous exudate and air. Neither the injuring agent, noi the actual esophageal 
rent were scon at operation. Large gauze and cigarette drains were inserted into 
the deep spaces on both sides of the neck, packing tiie wound wide open, and dosvn- 
ward into the nicdiastina! spaces on each side. Tlicsc were anchored loosely to the 
skin with black silk sutures. Xo attempt was made to close the incisions. Time re- 
quired for the operation was fifty minutes, during wliich GOO c.c. of 5 per cent glu- 
cose were given. Two grams of sodium pcntothal weie required for anesthesia, whieli 
was followed Iiy CO. and O. inhalation when the procedure was completed. Mouth 
'iiction wa-- used at frequent interv.al.s during tlio operation. No sulfonamide 
preparations were applied locally. 

On returning to (he waul, the patient was kept in position witli head low to 
[iromoto drainage. .Sulfathuwolc, 3 Gm., was given intravenously plus 5 per cent 
glucose 111 saline .solution. There was little clinngo in the patient’s condition during 
the night. Sixteen liours postoperatire, the siilfathia/olc level had rc.aclied 3.7 
mg per 1(10 c.c. IIis neck dressing was saturated with pus ami serum. He was still 
|■.)lIlnto-e, his pi, No had dropped, but hi.s respiration and temperature continued 
elewKcd. Blood plasmii was given mtraxcnoiisly (500 e.c.). Twenty-four hours post- 
operalne, the teniperaliire lind risen to lOJ.G” F. with a miik} puho and a lowered 
respiratoij rate. Dimtig the daj there was a marked increase in neck rimdifv. His 
respiration had become Cliejaic-Stokes in chariieter. 


In MOW of his snrgerx it wns felt that llie neek rigidity might he due in part to 
muscle spasm, Imt bivause of Ills generally depressd eondition, meningeal irritation 
was siispeele.k A Mpi,,,,] puneturc was done and approximately 25 c.c. of clear fluid 
under slight increase in pressure «!is remoxed. Thirty minutes later 8:30 Pit 
mol tweiil.v eight hours pos(oper:itixe, the patient roused from Ids eonia for the first 
nwc and talked to the attendants. This was the first exideiiee of a„v in.prmonS 
had shown since !):(in .x.m. the preMous ,l„y v.hen he hceume eomatose The 
smpcratwre and p„be begmii to decline and by the following morning Ids general 
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FJfr. 3 — Dlagiani of upj>ei denture sliouing broken fragment in outline 



Fig 


.V ^i^meter of the mediastinal shadow and air in 
1 _increase in the diam sursery. 


neck prior to 
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0 — Modla&linal shaOo^^ ^Nitbin normal limits, twenU da^s postoperatUc 








T-rin.l Cl.ockup Iilth biriuin m»-vI1o« . no oUacnco of c'^oplnucn! obstruction. 
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condition wns mncli iniiiroved. On Doc. 2, 1042, anotlier .x-ray of tlie neck .and 
chest «!i8 made (Fip. 5). 'J’Jii.s slionod ji decrease in the amount of air in file soft 
tissues of tlio upper chest and neck. A culture taken from file wound at the time 
of operation «as repoitcd: colonies of Staphylococcus aureus and albus (non- 

honiolytic), and a few colouie.s of .streptococcus, gamma, nonhemolytic. Fluids and 
sulfathinzole were continued intravenously throughout the day. On Dec. 3, the 
patient uas given one ounce of uatcr orally with no ill eifeefs. Since this was 
taken with no groat ditlieulty, sulfallii.a/olo was giion hr mouth from this time on. 
Dre.ssings wore changed daily, ns drainage was still profuse. The drains were 
shortened daily. 


It" 


rpig. ■; Decrease in mediastinal shadow following’ drainage; safety pins attached to 

' drains in the neck. 

On Dec. 4, the patient was able to take fruit juice at frequent intervals in small 
amounts and a supplemental intravenous injection of glucose was giien to maintain 
Ids fluid level. 

From this point, the progress might be considered uneientful. Tlie fever gradually 
subsided and the patient legained strength. Strained soups, milk, and other nonrisli 
ing liquids were added to the diet. By Dec. 9, he was ghen a soft diet which was 
11 tolerated Drainage from the wound nt tins time was minimal and more seious 
r nurulent in character. On Dee. 18, the drains were removed and the wound 
vrnermitted to close (Fig. 0). The patient was enconr.aged to cxo.cise in the ward. 

^ 23 he was eating a general diet in the mess hull On Dec. 31, he was dis 
By Dec. n the' hospital and permission was gianted for him to visit his home in 

charged from original offending agent was 

Wisconsin. . ^ere seaiehed carefully and ail dressings carefully m- 

never found, i K . jg gtill somewhere in the .soft tissues of the neck, or the 
speeted. Presuma ) , , „„ during the painful initial injury and eliminated 

patient unconsciously brougut i 

it by mouth. 
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of the neck is dangerous. We believe further that most patients will 
be better served by bilateral incision and drainage, even though the 
point of perforation can be established on one or the other side of the 
esophagus. The tissues surrounding the esophagus lend themselves to 
spread of infection across the midline as well as into the mediastinum. 

In our ease, earlier drainage might have prevented the appearance of 
the meningeal symptoms, which were unquestionably due to pressui-e 
on the great vessels of the neck by the accumulated emphysema and 
infection within the enveloping cervical fascia. 

The operative approach to drainage of tlie area surrounding the 
esophagus and the superior mediastinal tissue was essentially that de- 
scribed by Pearsc.- Drainage should be wide, as complete as possible, 
and maintained until aU infection has cleai'ed. 

This case report and discussion are presented as a reminder that an 
apparently trivial accident may re.sult in a serious surgical emergency. 
Temporizing or treatment with conservative means will certainly end 
in disaster in a large percentage of cases. Prompt, adequate, radical 
therapy should give a great percentage of favorable results. 
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i'lK lii*- II turn from Jcini', (liiorn-coiiv iwi*- ncrfor.nc'l 
n imtnnt \Mis liariiim ||•l<lt<• (I'lf;. 7). No ci idcncf of nni t'«o;))iagc.il 

- ' *' iiii'iiion j.curi uitc ucI! Iicnlcd, jilitililc, und not adliorcd 

•K- ). ilic paficnt nns hitfi] uiili n no« donturo ntid roturncd to full diih. 



Fiff. S. Fiont \lew of neck shonlng healed scars along nntenor border of sternonias- 

told muscles. 

UISCOSSION 

This case illustrates the rapidity with wJiich infection can spread 
from the poorly guarded esophagus through tlie neck and mediastinal 
structures. It also illustrates the importance of eai'lj', adequate drain- 
age of the neck and mediastinum without waiting for localization or 
depending upon sulfonamide therapy alone. 

As recently as 1933, Peai'se^' called attention to the coni roversy at 
that time regarding choice of drainage in cases of this type, endoscopic 
or bj' external incision. Jlore recent writers, Phillips,® Touroff,^ Snyder,® 
Cummings,® and Carp,' are heartily in accord with Pearses opinion that 
prompt recognition of the perforation and earlj' external di'ainage will 
prevent many cases of mediastinitis and save many patients not im- 
proved by conservative therapy. The possible exception to this is when 
perforation is external, from without in, as in the case recently desci’ibcd 
by King and Straus,® In this type of penetration, drainage is alread}' 
established and often does not need to be supplemented. 

We believe that a history of swallowing a sharp object, followed b 3 ' 
marked pain on further swallowing, and subsequent emph.vsema of the 
neck tissues are positive indications for open di'ainage. Sulfonamides 
are doubtless of value, but they should be considered only as supportive 
ensures Delay in the hope that infection will localize in one portion 
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in such position tliat no tension is placed on it except in absorbing the 
recoil after tlie ])reaking of the suture being tested. 

For sutures of greater tensile strength, a .smaller diameter pulley is 
mounted with the free pidley {.see inner pidlei/. Fig. 1) ; a separate 
scale indicates values when this is used. The cost of the materials for 
this device was forty-live cents. 



In practice, tiic suture uniformly breaks at a point not in contact 
with cither j)ulley. Repeated tests on successive pieces of surgical silk 
from tile same spool have shown rcsult.s consistent within four ounces 
on many repeated tc.sts. 

SUMMARY 

Need for a .simplified .suture testing device exists. Such a device is 
leseribed. 

ni:ri;ui;.\'cr's 

wes, Kilw.ml U.: Paclnr-! IVtonniiiiiig tlic I.o". of .Strenptli of Catcut When 
in ti'-'-iio, J. M. .\. 90; .SaO, IRCS. 
aril U.. H( 1 |)\, .T. A\.. ami llnriej. S. The lle.-ilitif; of Woumls ns 
iieil liy Tlieir Tensile .Stren;;lli, .1, M. A. 92: tC, 1929. 

('her (lie Ziie nml Iteiv..fc»(if;I;eit ehinireX-i'lier Xnlitninterinlc 7mi. 
. Chir. 59: 1 (7, 1992. 

' ■ A Study of the V.'iri.-Uioii'. iii the Tensile Strencth of Silk Suturi> 
\im. Sur^. 8G; 910. 1927. ' 

W.: PlierMielmnRen t'her Am-udijln.MeKcf.-ihr uml ZusrfcdUekeit 
Aidiltimtennl "Unriiofil iio'-t.” .Miinclien. „i(’d. UVhii'-chr 82- 
j(*4 

’/itrtticnl Knot'.. .\nn. Sure. 107; (."S, 19.';S. 

■Tijrftii'.nl Knots and .futures. 6; )9s, man 

• \ 

. ■V*’ 



CiiAiii:Nci; Dicn'Nis, !MiNNi:AroiAH, 

(From Ihr D( ikh Iiih nt of Sitriiirti, Univirxiti/ of (ifiniuxota, Miiiiu tijiolix) 

I N THE i)a.st few years many exeelliml pa])Ci'S liave l)eon Avritlen on 
the subject of suture streimtli and knot streimtli, but i‘e\v of tlie 
authors liavc dwelt at leu^tli on the type of suture-tostiuir apparatus 
used. Taylor described a device for testiuc: knots witli intermittently 
a])plied two and one-lialf-pound tension. Searff deseril)cd tlie use 
of a “sensitive siiriu^- scale” wbieli was held vertically, the ends of the 
suture beiup: <>rasi)ed by the "loved hand, the middle looped over the 
hook of the scale. Sehmidt-ljan"e fixed the ends of his strands in 
cellulose and struii" them vertically, testiii" by cautious addition of 
weights to the lower end. Polaiio u.sed a testing machine loaned b.v 
“Nahseidenfabrik Guterniaun,’’ and IIowcs used a “Scott thread-test- 
ing machine,” The commercial machines are designed to determine not 
only the breaking strength, but also the elasticity of the suture or thread, 
and other factors. The cost of some of these commerieal machines, 
designed for the testing of threads entering into fabines. etc., runs in 
hundreds of dollars. 

The conclusion one draws is that all the methods described are either 
inaccurate, clumsy and time-consuming, include too large a human 
element, or involve investment in expensive a])paratus. 

For the pui’poses of most surgeons, sim])le determination of the break- 
ing strength is aderiuate. A simple device for this purpose is shown in 
Fig. 1. 

The suture to be tested is wound for half a turn around each of two 
pulleys, the end being anchored to the first of these by a screw and 
to the second by two turns about a post, the loose end being held by the 
hand of the operator as it grasps a handle attached to this second pulley. 
Turning of the second pulley by means of the attached handle thus places 
tension on the sutui'e to be tested, Avhich in turn rotates the first pulley. 
Rotation of the latter is checked by^ a heavy cord attached to a coil 
spring in such fashion as to stretch the spring progressively with each 
increment in tension of the suture to be tested. A light, free ridci- 
pointer is pushed along two parallel bars by the spring as it is stretched. 
With gradually increasing tension, the suture breaks; the spring snaps 
back to the original length, leaving the rider-pointer at the point o 
greatest stretch. The breaking strength then may be read directly from 
the pointer of the rider. Excessive snapping back of the first pulley is 
prevented by attachment of a rubber binder loosely to the surface ot i 

Received for publication, March 22. 1943. 
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In 1942, liis alma mater, Roanoke College, bestowed upon him the 
honorary degree. Doctor of Seienee. lie ivas a member of many im- 
portant surgical societies including the American Surgical Association, 
Southern Surgical Association, Society of Clinical Surgery, American 
College of Sm-geons, Society of University Surgeons, Centi-al Surgical 
Association, and others. In all of these he took an active part, con- 
tributing much to the value of their meetings, Avhich he regularly at- 
tended. At the time of his death he was supendsor of research work, on 


i.v 


r 

i 



Host poor.r.s Beid 



the Study of Contaminated Wo\nids. under contract with the National 
Kes^nrcli Council, technical supervisor of the Red Cross Blood Procure- 
ment Program of Cim-iunati ; and director and member of the Com- 
mittee of the Cincinnati Chapter of the Ame'-ieaa Red Cross. To all 
of these tasks, and to many oihei-s ton jnnncrous mention, he brought 
the Imuctit of his loyalty, cool .iudgment, and wise <-ounscl and advice, 
lo those who knew him as a friend, as a tcachor, or as an a.ssoeiate, his 
death has been a cripiiling blow and an irreplaceable loss. 

— -V. .1/. Zinningo'. M.D. 


In Memoriam 


j\roNT Rogers Reid 
1889-1943 


Dr. jMont Rogers Reid died Maj' 11, 1943, at tiie age of 54 veal's, after 
a brief illness. Ills death is a great loss, not only to American surgery, 
but also to the coniinunity in M'bicli be lived and to his many friends 
and associates. Reid ivas a great man in the true sense of the expres- 
sion, a ciinc leader, a great teacher, and one of the nation’s great 
surgeons. His almost infinite interest led to achievement in many fields. 
The training school for surgeons ivhieh he headed ivas one of the best 
known in the countrj’, and every year he turned out young men eager 
to carr 3 ' out his methods. He inspired all who come in contact with him, 
to industry and aetivit 3 ', at the same time gaining their devotion b}* his 
own modest.y and unselfishness. His death is a great loss to Surgery, 
of Avhich he Avas for years a member of the editorial board. 


He Avas born April 7, 1889, at Oriskam', Va., the son of Benjamin 
Watson and Harriet Pendleton Reid. After receiving the A.B. degi'ee 
at Roanoke College, he attended the Johns Hopkins Medical School, 
AA'here he AA-as graduated in 1912. He continued his surgical training at 
the Johns Hopkins Hospital, Avhere he soon became knoAvn as one of the 
most gifted pupils of the great William StCAvart Halsted. 

In 1922, he came to Cincinnati as associate professor of surgerj', and 
soon became identified Avith the life of the citj'. During 1925 to 1926 he 
serA’^ed as visiting professor of surgery at the Peking ,(noAV Peiping) 
Union hfedical College in China. In 1931, he Avas appointed professor 
and head of the department of surgei'.v at the Univei'sitA’ of Cincinnati, 
Avliich position he held at the time of his death. 

Reid became iirterested in the surgery of great blood vessels AA’hile 
still at Hopkins, an interest Avhich he retaiired throughout his career, 
and which led to his becoming pre-enrinerrt in that field. In recognition 
of this fact, he Avas made the reeijjierit of the fii'st aArmi'd of tlie Matas 
Medal in 1934. It is for his studies irr the field of A-ascuIar surgerj^ that 
he is best knoAvn among surgeorrs, but he had ruari.v other inter-ests. Ills 
contributions to the study of the healing of Avourrds ar-e Avell kmoAvn, 
hiU in addition he Avrote important articles on the surgery of the bile 
a the tliAWoid gland, the sympathetic nervous system, the appendjx, 
f ’ .!v in neent yen, he ,v»e e.p.ei.lly n, eeneor 

f ^ na IS a member of the National AdA-isory Cancer Counerl 

had rTch 'influence on the work done in that field, 
ridu 
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Original Communications 

THE SUEGIOAL SERVICE OF A STATION HOSPITAL IN 
THE MIDDLE EAST 

Pk.vn'klix E. AValtox, JLD.,® Nfav York, N. Y. 

’^HE doctor in civilian practice along with the medical officer in one 

of the armed forces in a home station unquestionably asks himself 
and others, “AYhat are those medical officers overseas actuallj' doing 
of a professional nature at tliis time?’ “This time’' is the spring of 
1943 and the object of this communication is to acquaint this anxious 
and puzzled medical public with the scope and activities of the surgical 
service of a numbered station hospital in the Middle Bast. For obvious 
military j-easons this answer must be clothed in ambiguity. The exact 
location of this particular medical installation, its capacity, and the 
number of patients cannot be disclosed. Because of the plethora of 
rumors and innuendos in circulation today a statement of facts should 
be welcomed by the medical public at large. If a careful perusal of 
the following statements will result in a clearer conception of the pro- 
fo.ssional experiences of this in.stallation, the thought provoking sum- 
mation must bring some satisfaction to those in service at this time and 
I'crhaps .stimulate the activities and imaginations of others. 

Tlic proportion of surgical cases to total admissions is shown in Fig. 
1. The relative constancy of this proportion, some 43 per cent onlv 
reflects the general character of the medical and surgical demands of 
this particular area of command. 

Fig. 2 illmstrates the proportion of elective surgical cases in com- 
pari.son with the acute surgical emergencies. These elective procedures 
ran the gamut of po.ssibilitics from prostatectomies and rhinoplasties 
through various plastic procedures that had not been carried out in 
the Un ited States. Though the emergency procedures obviously fluctu- 

•.Mnjor. Corti--, U. .S. Army. 

f„r |.n|illr,Tiiivn. .\prll 12. 1912. 
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Book Reviews 


Lymph Node Metastases. By Gnintlcy Waltlor Taylor, A.B., MD., F.A.C.S., 
Instructor in Surgery, Harvard Jfedical School; and Ira Theodore Nalhanson, 
jr.S., instructor in Surgery, Harvard Medical School. Ed. 1. Pp. 45S, 

with 01 illustration.s and IIG table.s. New York, 1!)42, 0.\ford Universitr Press. 

$ 8 . 


'J his hook is a needed addition to the sources of information for those who 
frequently or infrequently inu.st make decisions regarding a plan of treatment for 
patients with ncoidastic disease. It will be appreciated especially by the over- 
burdened general medical practitioner who does not have the time to refer to the 
pathologist for knowledge of the behavior of a tumor in regard to lymph node 
metastasis, or to the anatomist for a description of the regional lymphatics, or to 
the surgical and radiological literature to complete the solution of the therapeutic 
problem of lymph node metastasis, not to mention the clinician and statistician 
for end-result studies. 

The authors have achieved their purpose to assemble briefly the available in- 
formation regarding the incidence of node involvement' in various neoplastic dis- 
eases, the factors affecting the incidence, and the silrgical management of metastases 
in lymph nodes. 

The present volume consists of three parts. Tlie first is a summary of the 
anatomy of the lymph system, and serves as a basis for the surgery of the lym- 
phatics. Part II is a review of neoplasms of particular regions, with analysis of 
the incidence of node metastasis, the indication for regional dissection, and the 
possibility of control by surgical intervention. The role of radiation therapy of 
regional lymph node metastases has been briefly included, but no exhaustive effort 
has been made to appraise the adequacy of such treatment. Part III contains a 
description of standard operations, based upon orthodox procedures from the sur- 
gical literature with modifications found desirable as a result of the author’s ex- 
perience and studies. 

This book justifies its inclusion among the eminently practical i contributions to 
the cancer literature. It is written in simplicity of style and unifptmity of pres- 
entation. In addition to an adequate subject index, frequent references to the 
literature are included throughout. 
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under adequate supendsion. The inhalation anesthetics, ether, chloro- 
form, and nitrous oxide oxj'gen, were administered hy a medical officer 
or by a corps man or nurse under the supendsion of a medical officer. 
All were surprisingly satisfactory and there were no alarming compli- 
cations from a single anesthesia. 

The personnel of the operating team consisted of two medical officers, 
one scrub nurse, one corps man scrubbed to assist the nurse, an anes- 
thetist, one circulating nurse, and two corps men to assist this last- 
named nurse. Additional medical officers were added to the operating 
team when the need was apparent. On one particular occasion, seven 
such teams were functioning simultaneously. 



Klp 2. — The proportion ot oicctivc .surgical In compailson uilh the acute .sur* 

gical cmcrgcncle-?. 


The breakdown of surgical cases into types of operative surgical pro- 
eedure.s .shown in Fig. 4 is self-e.xplanatory. The obstetrical group 
inehuled normal deliveries and the gynecologic procedures were not 
abdominal but all vaginal in type. 


An extensive educational program was instituted and carried out in 
oon.iunctKm with the normal activities of tliis relatively bu.sy surgical 
service. Tlie unit fortunately contained officers who, in civilian'life 
liad earned out important roles in the educational activities of univer- 
sity ho.spitals and medical schools and this fact added eomsiderable 
emphasis to such a program. It included refresher courses in subiects 
such as aiie.sthcsia, with di.lactie lectures and clinical demonstrat'ion.s 
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atccl from time (o time, these elective possibilities were always with us 
and were relatively constant; they depended upon the abilities of the 
respective surgical specialists. 


Totia 

Hospital 

Casco 


Surgleal 

Cases 



1. — The proportion of surgical cases to total admissions. 

The tj'pe of anesthesia employed is shown in Fig. 3. It will be noted 
that in roughly one-sLvth of the operative procedures no anesthetic 
was used. This relatively large group included patients (many o 
whom had received basal drugs) with fractures without displacemen , 
for example, and others in which, because of sound surgical reasons, 
anesthesia was contraindicated at the time. The group that was ad- 
ministered sodium pentothal is not included in the graph, aith ug 
XrdrS was used noth excellent results in those requiring surgica 
T JZs of a painful nature, and in brief surgical procedures not 
dresmngs of a P ,,i,,^„tion. Brachial block was employed ivifh 

reqiuring muscii a ppocediires, particularly m frac- 

miich sf;f^fX“extremities. Spinal anesthetics were administered 
txu-es of the uppei ex remaining functions of 

a madia.. o»ia.r or . 
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These were attended by corps men, nurses, and medical officers alike 
and were extremely well received. Tlie head nurse on each of the 
surgical wards, ivith the aid of her assistant, drilled the corps men 
assigned to her respective ward in those nursing procedures expected 
of the corps men. These included assistance with surgical dressings, 
and handling of patients, as well as mechanical procedures such as the 
serving of trays, etc. The principal nurse in the operating room held 
daily drills in which the corps men Avere taught the theorj' and then 
allowed to carry out “scrub up” procedures. They Avere eventually 
alloAved to scrub for operations and thus actively participated under 
the direction of a competent nurse. In like fashion these enlisted men 
received training in the duties of the circulating nurse — the position of 
the patient, the taking of blood pressures— and in assisting the anes- 
thetist. 

Weekly surgical patliologic conferences Avith presentation of eases, 
patients, the surgical specimens, x-rays, etc., Avcre held for the entire 
professional staff and attended by the nurses avIio Avere available at that 
period of the day. Subjects under discussion included, in addition, such 
“peace time” subjects as surgical lesions of the th.AToid gland, internal 
derangements of the knee joint, a sAunposium on acute appendicitis, frac- 
tures of tlie humerus, tumoi-s of the anterior triangle of the neck, pneu- 
mococcal mastoiditis, infections of the hand Avith particular emphasis 
upon human bites, fractures of the pelvi.s Avith rupture of the bladder, 
pathologic fractures of the long bones, and acute mesenteric thrombosis. 

The role of the department of radiologA* in the function of the surgical 
service cannot be underestimated. The coordination betAA-een the tAvo 
dejiartments AA’as manifest at all times; radiology AA'as purposely located 
in a section immediately adjacent to the operating room in AA’hich all 
orthopedic cases Avere cared for. Their service not only offered the 
routine x-ray and fluoroscopic procedures, but gastrointestinal series, 
eiiolcey.stographic studies, enccpholograms, pyclograms, myelograms, 
etc. 

In a similar fashion, the laboratory .service carried out such tests as 
sulfanilamide determinations, CO. and 0. tensions, total and fractional 
serum protein determinations, I'k-iedmann tests, blood ehloride.s, Ca 
and P determinations, anaerobic cnllurcs and provided lAvent.A'-four- 
hour rush bematoxylin-cosin paraffin sections. 

Pecausc this installation Avas located in the zone of combat, althouf^h 
npon its fringe, the “62 Series” or short type of case record iras used 
throughout. However, adequate charts AA'cre maintained on each pa- 
tient for the benefit of the Avard oflieers and the nnrsc.s, and later 
discarded. The paper work in this fashion Ava.s minimized by nrmv 
regulations, snpplcmcutod as de.scribcd above, and proved adequate 
lechmc.Tl niul .surgical equipment Avns most complete and reflected 
thoughtful and careful planning through the services of supplv 
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These were attended liy corps men, nurses, and medical officers alike 
and -were extremely well received. The head nurse on each of the 
surgical wards, with the aid of her assistant, drilled the corps men 
assigned to her respective w'ard in those nursing procedures expected 
of the corps men. These included assistance with surgical dressings, 
and handling of patients, as well as mechanical procedures such as the 
serving of trays, etc. The principal nurse in the operating room held 
daily drills in which the corps men were taught the theory and then 
allowed to cany out "seruh up” procedures. They were eventually 
allowed to scrub for operations and thus actively participated under 
the direction of a competent nurse. In like fashion these enlisted men 
received training in the duties of the circulating nurse — the position of 
the patient, the taking of blood pressures — and in assisting the anes- 
thetist. 

AVeeklj' surgical pathologic conferences witli presentation of cases, 
patients, the surgical specimens, x-rays, etc., were held for the entire 
professional staff and attended by the nui-ses wlio were available at that 
period of the day. Subjects under discussion included, in addition, such 
"peace lime” subjects as surgical lesions of the thjToid gland, internal 
derangements of the knee joint, a s.vmposium on acute appendicitis, frac- 
tures of tlie humerus, tumoi's of the anterior triangle of the neck, pneu- 
mococcal mastoiditis, infections of the hand with particular emphasis 
upon human bites, fractures of the pelvis with rupture of the bladder, 
patliologic fi’actures of the long bones, and acute mesenteric thrombosis. 

The role of tlie department of radiology in the function of the surgical 
service cannot be underestimated. The coordination between the two 
doi)artmcnts was manifest at all times; radiology was purposely located 
in a section immediately adjacent to the operating room in which all 
orthopedic cases wex'c cared for. Their service not onl}' offered the 
routine x-ray and fluoroscopic procedures, but gastrointestinal series, 
eholceystographic studies, encephelograms. pyelograms, myelograms, 
etc. 


In a similar fashion, the laboratory service carried out such tests as 
sulfanilamide determinations, CO- and 0- tensions, total and fractional 
serum in-otein determinations, Friedmann tests, blood chlorides, Ca 
and P determinations, anaerobic cultures and provided twentv-four- 
hour rush hematoxylin-cosin paraffin sections. 


Peeause this installation was located in the zone of combat, althoimh 
upon its friuKc, the "52 Series” or short t>-pe of case record was used 
throughout. However, adequate charts were maintained on each na 
tient for the benefit of the ward officers and the nurses, and later 
discarded. The. paper work in this fashion was minimized bv nrmv 
reuulatmns. supplemented as described above, and proved adequate 
lechmea! and surgical equipment was most complete and reflected 
thought I 111 nml careful planmng through the .services of supply 
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T]ic xiltiinate goal in any medical installation is the result in terms 
of properly Iiandled patients. The answer may be obtained from the 
pertinent irords of a lieutenant-general of the line who recently in- 
spected this ho.spital. After visiting some of the wards he turned and 
said, “I know you have an excellent medical installation here. Its 
character is reflected in the expression on the face of every patient 
T see.” 

In conclusion, let those physieians at home, either in civilian prac- 
tice or in the service, rest assured that in this numbered station hos- 
pital, the medical officers with the excellent assistance of the depart- 
ments of radiology, the laboratory and ply^siotherapy, are practicing 
their resirective specialties with equipment in most instances far supe- 
rior to that available in the United States at the time of this com- 
munication. The satisfactory results that ai’e being obtained reflect 
the excellent medical training these medical officers have had and be- 
speak the cooperation that holds among all the services of supply. 



TEAroiATIC SUEGERY 

A Ee-\tew of Sojie Bone axd Joint Injuries in Waetime 


A. G. Ord, F.E.C.S. (Edin.), R.vlph Shackman, M.B., F.R.C.S.* 
(Eng.), and H, L. M. Roualle, M.D., F.R..C.S. (Eng.), London, Eng. 
(From the Ministry of Pensions Hospital Service) 


T his article is concerned with the records and observations on some 
particular bone and joint injuries ivliich, we believe, will be of 
interest to readers. It is hoped that a further communication will 
record our experience of the treatment of soft tissue injuries, using 
the Stannard irrigation envelope. The review deals almost entirely 
with sendee men injured during training, or, together with the women, 
while in action on the home front. The majority of the patients were 
men of the army and the age groups were comparable to the classes 
which had been called up during the period under review. A few of 
the civilian air raid casualties belonged to the older age groups. 

On account of the record filing system aetuallj’ in operation, it has 
not proved feasible to obtain full details on every case; in many in- 
dividual instances, treatment and evaluation of results have been com- 
plicated by repeated evacuations due to the exigencies of war. It is, 
however, possible to submit Tables I and II, of fractures and joint 
injuries treated in the course of the years 1941 and 1940, together uith 
the anatomic distribution of these injuries. The relative incidence of 
fractures thus demonstrated is of interest. 


We draw attention to the comparative infrequency of fractures in- 
volving the head and trunk in conti-ast to those of the extremities; 
the few with which we have had to deal have been managed on ortho- 
dox lines with satisfactory results. In the main, it can be stated that 
the problems are comparable to those met in dealing with civilian and 
industrial accidents. However, certain a.spects have appeared to take 
on more importance in view of the strict evaluation of results of treat- 
ment as interpreted by terms of rapid return to full and arduous 
duties. Again, ambulatory treatment not only Ic.ssens the work of the 
ho.spital and its staff but also directly raises the morale of the patients 
particularly during periods of enemy air activity. 


Fractures of the Upper Extrcmiiii.— The ago groups into which the 
majority of our patients have fallen are tho.^e in which two particular 
fractures typically occur, namely, the head of the radius and the waist 
of the carpal scaphoid. In addition to this, the active life and meehan- 
ical wo rk have produced many injuries of the wrist and the fingers. 


•I'orinnrly .Vs-lft-int In Siircro’. nmi-li I’oMcrmiu.'iti' 
Iti-criv.-,] fr.r imWIciitlon. .\iiril !4. 1913. 


Mi‘, Ileal Scliool. 


Col 
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Table I 


Head: 

Skull 

Nose 

Mnndiblo 

Spine; 

Cervical 

Dorsal 

Lumbar 

Thorax: 

Dibs 

Sternum 

Upper extremity: 
Clavicle 
Scapula 
Humerus 
Forearms: 


EBACTUIiES 


im 


4 
3 

5 
0 

C 

3 

8 


mo 


3 

2 

3 


Dadial head 

5 

4 

Shafts 

5 

6 

Wrist 

15 

12 

Hand: 

Scaphoid 

15 

6 

Metacarpals 

13 

7 

Plialanges 

15 

10 

Lower extremtiy: 

Pelvis 

4 

2 

Femur 

5 

10 

Patella 

4 

n 

Leg: 

Upper ends 

5 

n 

Siiafts 

16 

16 

An We 

2S 

23 

Foot: 

Tarsus 

4 

3 

Atetatarsals 

6 

12 

Phalanges 

9 

1 

Totals 

W8 

160 


PISLOCATIOXS 

Shoulder 


1 

3 

Acromioclavicular 


3 

— 

Sternoclavicular 


1 


Elbow 


4 

2 

Wrist 


1 


Fingers 

- 

1 

o 

Hip 


3 

- 

Totals 


14 

7 


Fractures of the Head of the Raditis . — Althougli tJic number of frac- 
tures of the head of the radius has not been larg-e, the management 
has been of interest in view of the divergence of opinion on the ques- 
tion and timing of operation. It has, as a rvde, beetr found at operation 
that the injury is move extensive than the x-rays have suggested. Of 
seven cases of fracture of the radial bead, one was complicated b;\' 
concurrent dislocation of the humero-ulnar joint ; four of the remainder 
oT.ntvpd slight cracks only, without displacement, and restoration of 
^ rapid. In our opinion, the indication for operation is 

of displacement likely to cause irregularity of the radial 


function was rapid. 


any degree 
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articular surface, ivliicli u'ould in turn lead to a progressive osteo- 
arthritis, Where operation is decided upon, ive consider that better 
results are obtained when it is carried out as early as possible, before 
any damage is done to the capitellar articular surface. The loss of 
power is slight, and in recent cases the ultimate range of movement 
obtained should be almost full. Five excisions of the radial head have 
been carried out, two of them for dislocation (one congenital). 

Fracture of Carpal Scaphoid . — The relative number of these cases 
encountei’ed has been remarkable and the incidence appeal’s to be 
steadily increasing. The protracted nature of many has emphasized 
this, as at one time no less than eight were under treatment simulta- 
neou.sly. Of twent5’-one eases encountered, five have been transferred 
elsewhere and three are still under treatment; the remaining thirteen 
have been returned to full duty. In four recent fractures (three waist, 
one tuberosity) immediate treatment, i.e., plaster of Paris immobiliza- 
tion for six weeks, has sufficed to ensure demonstrable union, both 
clinically and radiologieally, and less recent fractures have required 
periods of fifteen weeks or more. After some weeks it appears that 
an untreated fracture forms a type of fibi’ous scar which it is difficult 
for the osteoblastic tissues to penetrate. It has, therefore, become our 
policy to operate immediately on the majority of these old, hitherto 
untreated, fractures, as long as necrosis is not perceptible and arthritic 
changes are not advanced. We have not encountered this until re- 
cently, when we saw two cases and propose to carry out arthrodesis 
of the wrist. 

Four operations for bone grafting liave lieen performed through a 
radial incision: one graft was taken from the tiliia, the others from 
the olecranon ; the operation was followed by plaster immobilization 
until clinical union was confirmed radiologicallj’. In two of these 
patients complete union was obtained; a six-month-old fracture took 
tlu’ce and one-half months; an eighteon-inonth-old fracture five months; 
the thii'd patient has been transferred, and the fourth is ununited after 
five and one-half months. 


Acromioclavicular Di.docalion. — Although minor degrees of this con- 
•iition have responded to sti-appinir and ])hysiothcrapy, we have had 
two jiatients with persistent pain and impaij-nient of function, in whom 
operative treatment was indicated. The main faetoi-s in maintaining 
the stability of the joint are the eoracoclavicular (conoid and trn])e 
zoid) ligaments, and the operation performed here is directed to rein- 
foree these rather than the aeromioelavieular ligaments, which are 
(pnte secondary. Strips of fascia lata, cut witii a fa.sciotome, are 
jiassed through the eoraeoid and clavicle, and secured with catgut. 
Hath ))atient.s have made a complete recovery. 


I’rnctuns of the Lower /-hrlri Didg.— The force rerpiired to 
the pelvis or femur, or to dislocate the hip of a young adult, i.s 


fracture 

usually 
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piocligious, and we liaA’e found that such injuries are almost invari- 
abl.y due eillier to tlie effects of high explosive or to motorcycle accidents. 

I 21 1940, fractui'es of tJie sliaft of the femur were treated by the 
method of coiitinuous traction through a Steinmann pin over a Braun 
frame. The repeated air raids of the following winter emphasized 
the helplessness of patients undergoing this form of treatment, many 
of them already homh victims, and we liave since adopted a walking 
plaster spiea treatment. By this method, the fracture is reduced under 
x-ray control on a table devised by’^ one of us (A. G. 0.), traction being 
applied both through the tibial tubercle and the calcaneus, with the 
hip and the Imce joints flexed to 30 degrees (see Fig. 1). The position 
is maintained by a plaster spica extending from the axillae to the toes; 
the flexion of the hip and the knee preserves the extension and pre- 
vents rotation or angulation. These patients can be transported 
with minimal rusk and are able to w'alk on a stirrup sometimes 



Fig. 1. — Method of maintaining reduction with double pin traction while applying 

plaster spica. 


without crutches or even without sticks, within tw'o or three days, if 
necessary. No final conclusion can be drawoi from tlie few’’ cases wliich 
we have treated ourselves, but two air raid casualties with fractures of 
the middle one-third produced callus in four to six weeks and were able 
to bear w^eight within nine weeks. The criticism that such immobilization 
causes stiffness of the knee wms not confirmed in these men wlio within 


six weeks of the removal of the plaster had a knee flexion of more 
than a right angle. A third man with a compound supracondylar 
T-shaped fracture, with baekwmrd displacement of the lowmr fragments, 
required only eleven iveeks before union occuried, and after another 
nine wmeks of active physiotherapy had a range of 103 to 175 degrees 
nnd was steadily improving. Thus, apart from the good psychologic 
Iffeet on these patients who are no longer helpless and immobilized, 
functional results and duration of treatment appear to compare 
? ^ with other more orthodox methods. Although only three 

'"Title t n toted here, one of us (A. G. 0.) has u.sed Ibis method of 
cases hareb Q patients of the 

treatment in oi^ of knee function is of course more rapid and 

tmllte in the younger patients. 
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This method of reduction and fixation takes ns one hour or more to 
complete and radiologic assistance is essential. Therefore, vre do not 
advocate carrjdng out this procedure ivhile air raids are in actual 
pi'ogress, hecause not only may the x-i-ay apparatus he out of action 
as a result of electrical failure, but also because we have found it im- 
possible to afford the necessary time when other more urgent surgical 
procedures may have to be undertaken. Accordingly, we have inserted 
a Sleinmann pin through the tibial tubercle, under local anesthesia in 
the ward, and nursed the patient on a Braun’s frame. This procedure 
deals with the emergency and takes only a few minutes. At our 
leisure on the following day the patient is transported in his bed to the 
theater where, under general or spinal anesthesia, a Bohler caliper is 
inserted into the calcaneus and the patient is transferred to the ex- 
tension table. Eeduction under x-ray control and plaster fixation are 
then carried out. 

Fracinres of the Tihiot Shaft . — Recent observations on the prolonged 
disability due to this type of injury have been confirmed by us. The 
subcutaneous character of most of the bone means not only a restricted 
blood supply but also an increased tendency to compound (open) frac- 
ture. which may further delay recovery. From the point of view of 
management we divide such open fractures into those due to penetra- 
tion by fragments of bone from within, and those due to foreign bodies 
penetrating from without, e.g., war injuries. Where possible, the ‘'in- 
ternal” type is treated by excision of the wound, introduction of sul- 
fonamide. and primary suture; the leg is kept under traction by a 
Steinmann’s pin through the calcaneus and raised over a Braun’s 
frame until the wound is healed, when plaster is applied as in a closed 
fracture (to be described later). In cases of ‘‘e-xtcrnal” penetration 
by foreign bodies, radical debridement is carried out, sulfonamide 
])i)wdcr is introduced, and the wound lightly packed open with vase- 
line gauze, a closed plaster being then applied. If the amount of soft 
tissue damage is limited, e.g., as is more commonly found in the civilian 
type of eonpjound fracture, primary suture is undertaken, but this is 
never done when there is any doubt ns to the completene.ss of the ex- 
cision. that is, after injuries due to high velocity projectiles. 

I’or the reduction of closed fractures wo have preferred vertical 
traction under x-ray control to the horizontal traction apparatus of 
Bolder, in wliieli gravity tends to produce backward bowing, and i.s 
itut used to assist the reduction. Traction is applied by Bohler’s ice- 
tong caliper to the calcaneus or by fusing a stirrup to the retained 
Sieinmann’s pin in the ease of the compound fractures. In the oblique 
and spiral fractures the nni)added plaster is extended well above the 
knee, although tliis does not appear to be indispensable in completelv 
redticed transverse fractures below the middle one-third of the hone. 


suncEEi* 


r>5G 


it is our jn.nrn ''n to slip as the former, 

COSOS o 7 t ^*‘*’ ^“* formation is often much slower. In all 

Sr«l ond'oT’' n in plaster has been 

rlf ,7 ’ n complication has been stiffness of the fore- 

foot and ankle ndicn the plaster has been finally removed, due in part 
. to Ihe deve opment of some degree of pes planus and in part to edema 
OMmg the removal of the cast. In several instances recovery has 
u'en delayed for six weeks or more on this account alone. For this 
eason, a ci ^ a out eiglit rveeks we replace the knee-to-toes plaster 
with another, incorporating a “slipper” (Figs. 2 and 3). These slippers 
consist of a leather sole covered with a layer of sorbo rubber. The pos- 
terior part of the slipper is incorporated in the plaster which stops 




Fig. 2 . — Sole to be incorporated in cast. 

Fig. 3. — Sorbo anti leatlier sole being incorporated in cast to permit active e.xercisc 
of foot. 


short at the mkltarsal joint, allowing heel-toe walking and movement 
of the forefoot while immobilizing the ankle. In wet weather these 
can be protected by an “elephant boot.” These slippers have proved 
to be of great value in accelerating the return of function. Wc liavo 
used them also in treating sprains and minor fractures of the ankle, 
where excessive immobilization is to he avoided. They arc appreciated 
by patients who like to feel that they can nse the foot de.spife the in- 
Zw and the active exercise maintains the (one of the wtrwsie nms- 
cles of the foot, and assists the venous return from the hmh. 
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but have not been found ; with every patient careful and repeated ex- 
aminations liave been made and a full staff discussion carried out 
befoie operation has been undertalcen. Further emphasis has been 
laid by the ten 2)atients who have been admitted here because of re- 
curring symptoms after meniscectomies performed in other hospitals. 

It would seem to us that the majority of difficulties in accurate diag- 
nosis ha^'c arisen ehieflj'- in patients with traumatic arthritis and asso- 
ciated quadriceps insufficiencj’', who have been incompletely treated at 
the time of the primary injury. We cannot, therefore, emphasize too 
strongly the importance of an accurate diagnosis in the first instance, 
and thoroughly adequate treatment before the patient passes from the 
medical officer’s supervision. 

We have treated the majority of patients with acute traumatic effu- 
sions into the knee joint by aspiration as soon as possible irnder local 
anesthesia, "^^arying amounts up to 100 e.e. of bloodstained glairy 
effusion haAm been found, and the proportion of blood, as judged bj’ 
the naked eye, has Amried. Generally, it has been considerable, and 
it appears to us that if such an effu-sion is left to absorb, the ligaments 
might stretch under the tension, and the synoAual membrane may be- 
come thickened AAuth fibrinous deposits, new blood vessels, and inflam- 
nratory cells. If this occurs, therr together with the associated loss of 
tone of the quadriceps, a Amrying degr'ee of instability of the knee 
joint AAull result and furfher repeated intra-articular damage is liable 
to follOAA^ 

After careful clrrrical and radiologic examination, the aspiration has 


been folloAved by application of a firm Eobert- Jones bandage (prefer- 
ably using crepe bandages). Physiotherapy and active exercises, espe- 
cially Aveight lifting, have then been carried out under careful and 
continual observation. For the first fcAv days the bandage is left in 


position and active exercises are carried out Avitli the knee joint ex- 
tended. After this, the bandage is removed only during the periods 
of physiotherapy, and Aveight lifting from the bent knee position is 
beo-un*. The bandage is reapplied and remains in position for the pa- 
tient to begin Avalking after a Aveek. If care has been taken to treat 
the quadriceps muscle the bandage can usually be dispensed Avith after 
fm-ther Aveek. In spite of this, Ave have found that it is often si.\ 
weeks before we have been able to assure ourselves that the man’s 
knee is fit enough to stand np to the rigors of Army life. 

Wp maintain that this type of knee joint injury should he treated 
' • 1 .ore nnd Continued observation and encouragement in 

AAUtli special of recurrence Avith its increasing difficulty 

order to lessen ti j^d ultimate results -wh icli may 

in diagnosis, and - exploration of the knee joint for doubtful 

folloAv unnecessary opei atn e cm 

cartilage injuries. 
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In partial injuries of tlie medial collateral ligament, rve have been 
interested to note the prolonged residual tenderness, sharply localized, 
most frequently over its femoral attachment, Avhieh frequently lasts 
six Aveeks or longer. In addition to physiotherapy, active exercises 
and wedging of the inner .side of the boot, we frequently have infil- 
trated the injured part of the ligament with novutox or iilanocaine. 
In about one-half the cases, the residual tenderness has been perma- 
nently abolished, but this procedui-e has not proved as completel.v sat- 
isfactory as we had hoped. 

An unusually high incidence of cj'.sts of the external cartilage haA’e 
been seen and although the etiology of these cysts is not necessaialy 
or exclusively traumatic, avc have included them in this review because 
the symptoms which led the patients to seek treatment commonly fol- 
loAvcd some form of trauma, often, it is true, quite mild in nature. Of 
eight cysts seen, six have been excised, together with the associated 
cartilage, through a large curved incision laterally over the knee joint. 
The rapid and complete recovery made by these men has been im- 
pressive. The convalescence is shorter, and the result of the operation 
seems to be more satisfactory, than in other types of knee joint injury. 


SUMM,VRY 


A review is given of the anatomic distribution of fractures and joint 
injuries encountered during the fir.st two years of the Avar. Attention 
is paid to injuries commonly eausing protracted disability, A'iz: frac- 
ture of tlie carpal scaphoid, fracture of tlie head of the radius, and 
di.sloeation of the acromioclavicular joint. 

The methods used to oA'crcome the.se difficulties are .summarized and 
the reasons giA'on for 

(1) Karly excision of the radial head where irregularity of the ar- 
ticular .surface may lead to a progressive arthritis. 

(2) Grafting fractures tlirough the Avaist of the scaphoid Avherc they 
have been untreated for .six months or longer. 

(3) Heeonstructiiig the coracfuK-romial, rather than llic aci'omio- 
eiavieular ligaments in severe disjdaeemenls of the aeromiochiAdcular 
joint. 

In fractures of the loner limb, emphasis is laid on the importance 
of ambulatory treatment, hot It for the p.sychologic benefit of the pa- 
tient and to facilitate his transportation. Ifetails are given of a method 
UM'd in redueimr fractures of the femoral .shaft prior to Hie application 
of a idaster spiea. 


Distinct ion is ma<le hetweeu the different types of eomponnd frae- 
tiires ntid their management, together nith some views on the treatment 
of fractures of the tiliial .shaft. 
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Express x-ray developing is recommended as a valuable and ae- 
enrate alternative to screening during manipulations or bone grafting 
operations. 

An account is given of our experiences of knee joint injuries. Table 
11 stresses the comparatively large number encountered, and the small 
proportion of true cartilage lesions. The majority of patients sent in 
with suspected cartilage lesions were cases of traumatic arthritis fol- 
lowing a VTCneh of the joint. They had received inadequate treatment 
at the time of the original injin-y and had. as a result, developed in- 
sufficiency of the quadriceps. This had led to repeated trauma which 
prolonged the duration of disability and increased the difficulties of 
accurate diagnosis and proper treatment, hence, the vital importance of 
early accurate diagnosis and correct and adequate treatment is stressed. 

The late Dr. H. LiBhtstonc, D.G.M.S., ministrj- of pensions, kindly save us per- 
mission to publish this article. AVe record our thanks. 



THE EFFECT OF SULPUK COMPOUNDS ON BLOOD CLOTTING* 


Geza de Takats, il.D., F.A.C.S., Chicago, III. 

(From the Fourth Surgical Service and the 2lartha Borland Surgical Lahoratory, 
St. Luhe’s Hospital, Chicago) 


IXTRODL’CTIOX AND PRE\70CS LITERATURE 


I N A previous communication,^ a simple test of the clotting mechanism 
was described, which briefly consists of the study of the individual's 
response to a small, test dose of heparin. The coagulation time of 
capillary blood is determined before, ten, twent.v, thirty, and fort}* 
minutes after the intravenous in.ieetion of 1 c.c. (10 mg.) of purified 
heparin. Dry, standard-sized capillary tubes are used for this purpose. 
The individuals tested readily fall into hyporeactors, normal reactors, 
and hyperreactors. The pattern of such a heparin cur%-e remains sur- 
prisingly constant in the same individual as long as seventeen days.^ 
The he]iarin-tolerance curve permits a study of various factore which 
influence coagulation of blood. In this report the effect of sulfur com- 
pounds on the clotting mechanism is presented. 

Heparin, itself, is a mucoitin-pol.vsulfurie acid and its anticoagulant 
action is in direct proportion to its .sulfur content." That sulfur radicals 
play an important part in intracellular oxydation has been widely rec- 
ognized since the isolation of glutathione from the tissues by F. G. 
Hopkins.® The active principle of glutathione, cysteine seems to be 
the intracellular carrier of oxygen.^ 

Both cysteine and methionine, two sulfur-containing amino-acids, have 
been stated to prolong coagulation and bleeding times by Sterner and 
Modes.® Carr and Foote*' felt that the accumulation of these sulfurated 
amino-acids in the plasma of patients suffering from obstructive jaundiee 
oxj)laincd their tcndene.v to bleed. 

The metabolism of such sulfur compounds could be minimized by a 
low protein, higli carbohydrate diet. Of all the thiol compounds, glu- 
tathione seemed mo,st i)otent in its inhibiting action on thrombin." This 
was only true, however, in a neutral or acid medium. Rabinowitz® 
stated tliat alteration of clotting time was dircctl.v dependent upon the 
amount of thrombin inactivated by cy.steine. Curiouslv enough this 
author advocated cysteine and methionine to control spontaneous bleed- 
ing and to restore clot retraction in iiemorrhagic pur|nira. Putman and 
lloefer,” after carefully conducted animal cx])criments, gave cysteine 
to patients suffering from multiple sclerosis and obtained in se\Wteen 
out of twenty-tliree instances a prolongation of the clotting time. 'When 
'■y.steine was first administered to patients at .St. Luke's Ilosjiital we 
were tu mwiire of this significant exiicrimcntal and clinical studv. 
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Sodium thiosulfate lias been advocated for several years in the treat- 
ment of Buerger’s disease or for the prevention of phlebitis. Eabin- 
owilz^® and Eabiumvitz and JCahn^* suggested tliis drug, combined with 
iodine, to coiTeet distui’bance in the phospholipin metabolism, wliich 
they found to exist in thromboangiitis obliterans. Bancroft and his 
associates'" liave extensively investigated tlie use of sodium thiosulfate 
in thromboijhlcbitis and concluded that the incidence or the duration of 
thrombophlebitis can be materially reduced by the use of this drug 
combined with a diet low in fats and proteins. In a series of detailed 
inA'estigations on the changes in the blood in thromboangiitis obliterans, 
Theis and Freeland'^ stated that inorganic sulfur compounds produce a 
marked increase in the oxygen capacity and content of the circulating 
blood. In the active stage of Buerger’s disease, thej" found the oxyhemo- 
globin to be in an inactive state. Tlie catalytic action of glutathione 
corrected this anomafy. Their data demonsti’ated that tlie administra- 
tion of inorganic sulfur increased both the induced and oxydized form 
of glutathione in the blood. 

This partial survej' of the premous literature supiiorts the use of 
sulfur compounds to raise the level of the o.xy gen catalyst in the blood 
and tissues and thus influence the oxydation-reduction system in the 
blood. With the introduction of sodium tetrathionate, which has a more 
prolonged action and is excreted more slow’ly than sodium thiosulfate, 
Theis and Freeland'^ have desex’ibed a successful correction of the dis- 
turbed chemistry in Buerger’s disease. Clinicall.v. there can be no 
doubt about the beneficial influence of intravenous sulfur compounds, 
especially in migrating phlebitis (own observations). Observations are 
here reported on the effect of sulfur compounds on heparin tolerance. 

If sulfur really prevents or inliibits the formation of thrombi, its effect 
on the reaction to heparin should be noticeable. 


METHODS OF IXVESTIG.VTIO.V 

Heparin tolerance curves were determined (1) before and ten to 
thirty minutes after a single dose of sodium thiosulfate or tetrathionate, 
(2) before and after a course of twelve biweekly injections of sodium 
tetrathionate, (3) before and after a single dose of cysteine given by 
mouth (4) before and after two weeks of oral administration of cysteine. 
The dosaae employed was: 15 gr. (1 Gm.) of sodium thiosulfate and 
10 nr (0 6 Gm.) of sodium tetrathionate given iiil ravenously. Fifteen 
trains (1 Gm ) of evstcine were given by mouth. For the lu-olonged 
administration this dose was given three times a day after meals. No 
attempt was made to restrict or acidify the diet. 

RUSnUTS 
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shows the curves of the reactions of four patients. It is intei'esting 
tliat in Case 2, where the reaction to heparin w as normal, the greatest 
exaggeration of response was obtained after the injection of sulfur. 
Tlio least response was obtained in Case 4. Tlie patient in this case 
liad multiple embolic phenomena and had demonstrated clinically his 
marked tendency to thrombosis. The curves of anotlier gi’oup of three 
liatients arc show'n in Fig. 2. Again, one of the patients (Case 3) 



Fljr 1.— 01*^0 1 H tJiat of MarMn M. njth migraUnjT phlebitis as a symptom of 
Iiucr^cr’s dKo'xvc Note the miiktd prolongalion of the effect of hepana after the 
‘'iilfiir compound Iris been plvon 

C.i«c 2 Is that of Flank , a'Uo Mas 4,uffciin? fioni c^-sential hypertension He 
h ul a noiniil clotUnK nicclianism and sho^\ed a inarkc<l rci-iionse to heparm ten 
minuit s after soOliini tetrathionate lind betn 

Ca«o ^ Is of F. B who havl u cluonic. iccvnient type of liuerpcr's disease 
and Mhoso Jicpinn icsponse wa'^ miiKedlv hupioved b\ vodlum ti tiiithlon itt. 

Ca«;o 1 Is tliat of l^oKoy JVI , mJio had multiple emboli following: coronary throm- 
bosis out of them rcsiiltlnK: m panRrii m of the loft lowtr cvtiemitj. Hi <5 response 
lo «oduim tetiathlon lit was \(ry small, hidUalliitr a maikod clottinj? tcmlcncy, 

''howod only a small response to sodium letralliionale. Tliis 45-year-old 
man, sufTering from a snhacuto stage of Bneigcr's disea.se, showed a 
iliminishecl response in that his coagulation time returned to normal 
at twenty minutes after the injection of heparin. The injection of 
sulfur improved tins response only \ery slightly. He had not stopped 
smoking. As Tlicis has shown, smokiinr and sodium tetrathionate an- 
tai'oni^'c eaeli others action.’" 

2. Another gi'ouji of patients ieeei\ed twelve injections of sodium 
tetrathionate, given twice a week. The liejiarin tolerance wa.s deter- 
mined before, during, ami .it the eompletioii of the treatment. Note 
that the hepiivin tolerance, which has .iiminislied at the start, improved 
ns early as llie third da\ of the tieatiiieiit (Fig. ;j). j,, 
ih!g. .1) the toleranee emwes of thiee patients arc sliowar who'^havo 
ivoeivod twelve injections of sodnnii tet i .illiionnte; in the case of \B 
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2 , — Case 1 is that of Tliomas jVrc3I.» CO yeais old, with a coronarv thrombosis 
occurring one yeai pieviouslj. The flat liepaiin cune impioved maiicecllj' after 
sulfur. • 

Case 2 is that of Ida cle G. ag’ed 01 jeais, uith a diabetic artenosclerosis. A 
normal toleiauce cun'e, greatly improved after sulfur. 

Case 3 is that of Dempster S, 45-yeai-old man, .sufferjug from a subacute stage 
of Bueiger’s disease. There was very little response to sodium tetiatliionato. The 
patient was unable to stop smoking. 



o Wonailn toleniiico before and ten minutes after the injection of O.n Gni. 

sodium tetrathionatc. The patient Is ^Irs. Lottie L.. aged .'j jnr.s uho 
thrornbophlcbitic Induration of the left lower leg. The llr^t tno 
had show a flat cune. ■whereas the third one Is ulthhi normal llnill**. 

tolerance ^ expoijment'? the sulfur compountl imrkodlv increispd the irMpon^e 

In all without hop inn. .sodium tctrathlonate has not proIonge<l caplllao 

to liepanii. 
coagulation time. 



OK TAKA'l^; Sl’I.V'l'K IN' T.t.OvAn n-OTONM 


(>t?5 

an avliiitioual doiovnnnation was in'ssibU' after six it\joetuM\s. In the 
ease of llawht l',> the sulfur eotuv™*'^^ >' "liypenvaetor" 

tvspouse,’ whewas originally this patient s ivsponse was abnormally low. 


jThc effect or 12in - icctuo iA? of godiu.ni [ i j 
— tctmthionatc on tiic~ ^■“}icr>arin cui'A'c — p 
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•Befbrsi -trcatnAcnf •——— After 6 iroections 

-^Aftci* IZinicctions 


V'i«. I,— lU'V''""' vv\r\\"! iH'fv'iv ixml ««»'!• twvlw' v'f totmUUv'Uxto, 

In Un- of F. A. M, !\ ^o\no\\l\'\t rtnt o.'.ixo I'xVAnu' hn:h. In tho ons-v' of A, U, 
fix' Hi>f I'uuo \\!» nuffo tV\f , U ln>v>v'<Nl oftov t-K lu,Uvfions swxvl sfUl nnnv sxtfv'V 
Ovolvo inJiS-tion<, bnt novof U»s ('(x-ouio lu'innil. Thw (vuiont oonttnno# fo luvvx' 
I'mivli fivni (In- loO mnklo intv> K>U> lowti ovtivinitio-!. Into llio loft nun. ivnU two 
»>> tlio I'lSiin. Till' ino'-t .vtnXinif iv.-pon'.o wn.v ol'taini><l in tlio c-is-o of UntvK! n„ 
wno li;i.^ Inni ^^wol.U tlmnnbo^o;* of tlio ivtinnl \i'in, Wlitio hN inltlixl l\‘^non^o 
W'.K \oty low, tho litivinn .-on.-ilu it\ moivn.-isl i-x'ixMoml'n iiint I'linxM litm In tin- 
I'Mviix-xotor sivniv, Ono ivili'lnnil nitoij wa,-. oivluiUai. Ho lias liaa no tAntliov 
Miwul It oi'Koao--. 


After a number of siuole thwes tif evsteiiie it was imiHvssible to 
observe any ehaiige in the liepariu eurves. These lietermiuatioiis were 
miule iH'tween to ami lCt> minutes from the time tif the oral these, but 


lailetl to show any eft'eet. 

•1. In a gnnn) of ten patients e.vsieine hytlroehloritle was given in 
thive tlaily thvsi\s of to gr. tl ttm.l after meals for two weeks. It was 
impossible to observe any elear-eut effeet on the heparin toleranee. In 
one patient, .\nton K.. suffering fix>m Buerger's tiisease, who was ath 
uhttetl to the hospital with a flat hepariu-tolerauee eurve. tiie eurve 
was restoivtl to normal in twenty-four houi-s after tluve tloses of eysteine. 
However, other measures, sueh as iiiereasetl lluiil intake aiul abstineiiee 
fixmi tobaeeo, may have been responsible for this etVeet. Further theses 
uni not inoivase heparin sensitivity. In no other patient was anv 
ehangw obscrvetl. In A. K. eysteine was given, after tlieounmrol hat! 
itwverotl the pnUhmnbin level to 40 per eent of normal. Dnrim- the 
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Fig. 2. — Case 1 is that of Tlionias MeM., GO years old, -n-ith a coronary thrombosis 
occurring one year previously. The flat heparin cun-e improved markedly after 
sulfur. 

Case 2 is that of Ida de G.. aged G1 yeai's, with a diabetic arteriosclerosis. A 
normal tolerance curve, greatly improved after sulfur. 

Case 3 is that of Dempster S.. 4o-year-oId man, suffering from a subacute stage 
of Buerger’s disease. There was very little response to sodium tetrathionate. The 
patient was unable to stop smoking. 
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prompted us to advocate small, subreactionarj^ doses of tidple typhoid 
vaccine in Buerger ’s disease, namelj', to desensitize the patient to an un- 
knovTi specific sensitizing- agentd* The work of Theis and Freeland'® 
has given an entirely different explanation for the beneficial effect of 



Fis. 5. — Heparin curves after the intravenous injection of 3 c.c. (50 mg'.) of 
heparin; average curve of normal response of four patients. This is the usual thera- 
peuuc dose, which has been given to more than fifty patients. Note that the peak 
VI® I;®® occurs at the first liour and does not exceed fifteen minutes. In the case 
or M. R.. a 2G-year-old man suffering from rheumatic heart disease with a super- 
ilf'L®®®'' bacterial endocarditis and receiving 120 gr. of sulfapyridine. a considerable 
increase in the reaction to heparin was obtained. At one and one-haif hour after 
iiie injection of heparin, the coaguiation time rose to twenty-eight minutes This is 
level, wliich has never been obtained with the 5 c.c. dose. Further 
obsen-ations are being made on the augmenting effect of sulfonamide drugs on the 
hf hepaiin. The sulfapyridine level was 4.2 mg. per 1000 c.c. of blood on the 
^ or tiiG tost* 


sulfonamide drugs. There can be no doubt that in the acute stages of 
Buerger’s disease tlie intravenous use of sulfur has given surprising 
results. Thus, in migrating phlebitis one can obseiwe the rapid absorp- 
tion of the hot, red periphlebitic exudate in a few days. It has been 
our custom to give a daily injection of sodium tetrathionate to hos- 
pitalized patients for two weeks, then follow it ivitli biweekly injections 
for six weeks, and a single injection once a week for another six weeks. 

TJiere is, however, an urgent need for a .safe, inexpensive di-ug affeet- 
uig the clotting mechanism, which could be given by mouth for a pro- 
longed period, without daily control of prothrombin times, which must 
be done if dicoumarol is to be given safely. Cysteine, as we have o-h-en 
It m this group of patients, has not been effective. Sulfonamide dru<»s 
oljviously should not be given for such a purpose. Whether an ac^d 
lu-oducmg, low protein, low fat diet combined with evsteine can fulfill 
oin* need is next is to be tried.* 


ob'?orv’atloiis no efCcct was noteil ^v}lPn tlm i 

le were ndtlctl to tho ndminlstration of c>slelne. ^ ^ Jinimonluit) 
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administvation of cysteine, wJiieh was maintained for two weeks, the 
piot]irombin-]e\’el returned to normal at a rate wliich it usuall}" does 
when dicoumai'ol is discontinued. In addition, tlie patient wlio had 
liad multiple peripheral and one cerebral embolus previously, suffered 
anotJier eei’ebral embolus while taking cysteine and after having taken 
a total of 450 gr. (SO 6m.) by mouth in ten preceding days. 

coaiiWEXT 

The results indicate that sulfur comiJounds given intravenously defi- 
nitely increase the patient's response to heparin. It is likel.v that both 
the reduced and ox 3 'dized forms of glutathione are increased bj' the in- 
jection of sulfur,^® but the obvious change in the clotting mechanism i.s 
that the patient becomes sensitive to heparin. 

While it is impossible to observe any cliange in the clotting mechanism 
after oral ingestion of sulfur, further trial of this t 3 ^pe of medication 
is still in progress. It ma 3 ' be that by placing tlie patient on a low 
protein and lo\v fat diet"’ some effect could be obtained. Also, if the 
C3'steine medication tends to accumulate glntatliione in the blood, this 
catal 3 "st inhibits thrombin onhr in an acid or neutral medium." The 
oral administration of ammonium chloride or nitrate miglit prove useful. 

Another group of observations might be cited. Patients receiving sulf- 
onamide drugs have shown a remarkable response to Jieparin. Tlie first 
patient on whom this reaction was observed had subacute endocarditis 
and was receiving 120 gr. (S Gni.) of sulfap 3 n’idine daily. A heparin 
curve showed a marhed incz’ease over tlie normal pattern (Pig. 5). This 
finding is important since patients suffering from subacute bacterial 
endocarditis are sometime gi^-en heparin in the cnstomaiy safe doses 
and hemorrhages still occur. In I. C., who had an ascending facial 
infection with nasal and periorbital edema, and was receiving sulfa- 
nilamide, not more than three injections of 50 mg. of lieparin produced 
nasal hemorrhages. Certainly, caution onglit to he observed in the 
dosage of heparin when sulfonamide drugs arc given. 

The action of the intravenously given sodinm tetratliionate is very 
encouraging and we are now using an 0.6 Gm. ampule to eaeli 1000 c.c. 
of intravenous fluid (de.vtrose or .salt) given po.sfoperaiively. In the 
first communication on heparin tolerance it was shown that the heparin 
curve becomes flat after major operations for the first two to three days. 

JIv associates and I arc studying different measures to change this clot- 
tin" tendency. Obviously, heparin and dieoiimarol will never be nd- 
• listercd preventively to nil pafierit.s, but the iiwspcnsivc and nontoxir 
tetratliionate is now in ronfiiie use on our surgical .service. It 
arilv take many hundreds ol cases hcloro a possible decrease 
mil thrombosis can be observed. 

of POSioP ‘ postoperative iiafionl.s, .sodium fliiosulfafe 

In addition • service in the acute and subacute 

has been usccl _ mi-poeo It was used with the .same idea that 
stages of Buerger s disc.se. 



THE EFFECT OP HEPARIN ON EXPERIMENTALLY 
PRODUCED VENOUS THROMBOSIS 

Jacob Rabinovitch, M.D., CAL, akd Bernard Pines, ]\I.D. 
Brooklyn, N. Y. 

(From the Departments of Surgery and Pathology, Jewish Hospital, Brooklyn) 

T he scope of this communication is limited to the effect of heparin 
on experimentally produced venous thrombosis. Only a succinct 
discussion of the pertinent features concerning- the mechanism of throm- 
bus formation -will be given here, as they have been considered exten- 
sively in numerous articles in the literature. It is a •well-lmo-mi fact, 
definitel3’- established hj^ experimental and clinical research, that the 
combination of trauma to the endothelial lining of a blood vessel and 
retardation of eireidation in the region of injuiy is sufficient to effect 
local thrombus formation. This phenomenon is based on the principle 
that injuiy to the blood vessel sets free thromboplastin, and that the 
latter in turn converts prothrombin into thrombin. The free thrombin 
converts fibrinogen in the presence of calcium into fibrin aiid a clot is 
formed. The reason that blood does not clot intravasculaid.v, is that 
no thromboplastin is available to convert the prothrombin to the active 
ferment thrombin. The formation of such a clot is hastened if the 
local circulation is retarded. On the basis of this knowledge one can 
produce experimentall.v an intravascular clot h.v the simultaneous in- 
jniy of the endothelium and slondng of the local circulation. It was 
also shoivn Best’ that heparin ma.v act both as an autithrombin and 
as an antiprothrombin in the ijrevention of clot fonuation, and that 
some as j^et incompletely identified factor, or factors, present in blood 
serum is necessary for these actions. 

In a series of experiments previou.sly performed bj' one of us ,(J.R.)- 
it was shown that a forcible pull on a vein sufficient to injure its endo- 
thelial lining resulted in local clot formation. Furthermore, when the 
vein was partiall.v constricted at the site of injuiy so as to retard the 
local flow of blood, the clot formed more promptly, ilui-rar’-, Jaques 
Perrett, and Best^ utilized a somewhat similar procedure in their stndy 
of experimental thrombosis in dogs. They made no attempt however 
to retard the flow of blood at the site of injurv, and this may account 
lor a certain percentage of failures which they encountered in their 
experimonts. The technique which the.so investigators emploved mav 
he summarized briefly as follows: A small piece of silk tiu'ead was 
pa^ through the lumen of a vein for a distance of about thre'e- 

nocolved for plibllcutloii. May H. BUS. 
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SUMMARY 

'\\ill) (lie Jiel]) of a .s-ini])]e (csf of Ijic clotting mechanism, namely the 
•Ictoniiinaf ion of the heparin tolerance of the jiationt, the effect of in- 
travenous' sulfur medication was studied. Sodium tetrathionate was 
iound to increase definitely the patient’s response to heparin after both 
single and rcjieated doses. The use of this drug for the prevention of 
postoperative thrombosis and for the acute stages of Buerger’s disease, 
in which the hepai'in tolci’ance is j)oor, is definitely worth while. No 
simple, safe method of admini.strating .sulfur by mouth for the same 
purpose has yet been found. 
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Technique of producing a venous clot hy injuring the vessel wall 
and slowing the local circulation: Babbits averaging 2 kg. in veight 
were anestlietized bj^ inlialation of ether. Under aseptic conditions a 
midline incision was made through the neck and both jugular veins were 
exposed. In some experiments both veins were used while in others one 
was used as control and the other for the actual test. After the vessel 
was liberated for a distance of about 2 or 3 cm., it was grasped on either 
side between the thumb and index finger of each hand and forcibly 
pulled so as to injure the endothelial lining. It was then partially 
constricted at the site of injury by t.ying a loose ligature around it, 
care being taken that the blood continued to flow through the nar- 
rowed lumen, although less freely. This procedure -was found effective 
in producing an intravenous clot in each experiment. 

Control clot experiments: In six rabbits the jugular veins were in- 
jured according to the technique described and the lumen of the vessels 
nan-owed. At the completion of this procedure the wound of the neck 
Avas closed by first suturing together tlie dimded fascia over the vein, 
and then the skin wound was closed with inten-upted silk sutures. 
The animal was alloAA'ed to recover from the operation and at the end 
of twentj'-four or forty-eight hours the wound of the neck was reopened 
and the injured veins exposed. At this time the veins were found oc- 
cluded for a distance of about V 2 to 1 cm. by a loosely adherent red 
clot. A portion of the veiu containing the clot was excised and placed 
in 10 per cent solution of formalin for sectioning, ilicroscopic ex- 
amination of the vein showed it to be occluded by a thrombus composed 
for tlie most part of a marginal zone of blood platelets adherent at one 
point to the endothelium of the vein. The rest of the clot AA-as made 
up of a fine netAvork of fibrin enmeshing numerous red blood cells and 
scattered leucocytes (Fig. 1). 

Experiments with liquacmin: In six experiments 1 c.c. of liquaemin 
diluted in 10 c.c. of saline solution Avas first injected into the rabbit. 
The jugular A-eins were next traumatized as pi-eA-iously described, the 
lumen constricted Avith a loose ligature, and the AA-ound closed. After 
four days the neck wound AA-as reopened and the A-eins examined. It 
Avas found that in tAA’o rabbits the traumatized veins Avere occluded bj* 
a thrombus seen on both gross and mieroscopie examination. In the 
other four i-abbits no gross or microscopic OA'ideuee of local throm- 
bosis was observed. The injured endothelium had regenerated and 
there Avas no break in the continuity of the liunen. (Fig. 2). 

In a series of experiments li<iuaemin Avas giA-en to the animal both 
preoperatively and posloperatively. Six rabbits A\ere injected Avith 
I c.c. of liquaemin diluted Avith normal saline solution and immediatelv 
after, the neck Avas opened through a midline incision, both ju-mlar 
veins Avere exposed, traumatized, and their lumina constricted, '"pol- 
loAvmg the operation the animals received liquaemin injections in 1 e c' 
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(|tiaiteis of an inch and tlie a’ciji crushed against the thread betAveen 
the jaws of artery Jorceps. In this way not only tlie endothelial lining 
was injured hut all the remaining coats of the vessel were ecpially trau- 
matized. In another series of experiments performed by the same 
worker.s, chemical agents such as sodium ricinoleate Avere used to in- 
duce local clotting. These sclerosing agent.s injure the endothelium 
to the extent that a local clot aa’III form. 


Tavo problems confronted us in this .stud}'. First, AA'ovdd the injec- 
tion of heparin prcA’ent the formation of an intraA’ascular clot if ad- 
ministered prior to injury of the A’c.ssel AA'all, and second, is heparin 
clfective in causing the .solution or disappearance of a clot once the 
latter has been formed ? On this basis, the folloAA'ing experiments were 
carried out. 

Experimental . — Before proceeding AA’ith the experiments it aams 
found necessary to study the effect of heparin on the coagulation time 
of the blood of noi-nAal animals. Rabbits Aveighing 2 to 3 kg. aa'CI'c 
used. The coagulation time Avas determined by draAA'ing samples of 
blood from the ear vein into A'ery fine eapillai'y glass tubes AA'hich Avere 
broken at regular, short inteiwals of time, and observed for the appear- 
ance of a fine, fibrinous thread. According to this technique the coagu- 
lation time of the normal rabbit's blood aA-eraged three to four minutes. 

The heparin used Avas furnished* to us in the form of Liquaemin solu- 
tion. One cubic centimeter of the solution contained the equivalent of 
10 mg. of highly purified heparin. In each of the succeeding experi- 
ments AAUth liquaemin 1 c.c. of the anticoagulant was diluted AAutli 10 
c.c. of saline solution before it Avas injected into the ear vein of the 
rabbit. It Avas found that the iutiwenous injection of this amount of 
anticoagulant prolonged the coagulation time of the rabbit’s blood for 


seA'cral hours. 

Control experiments: In the foUoAA'ing series of experiments the ani- 
mal AA'as injected AAoth 1 c.c. of liquaemin diluted AA'ith 10 c.c. of saline 
and samples of blood were AA'ithdraAA-n at regular intei’A'als in order to 
determine the eftect of the drug on the coagulation time. An analysis 
of this study disclosed the folloAviug facts. Blood AvithdraAvn 10 min- 
utes after the injection of liquaemin remained fluid for more than ten 
hours 'When removed one-half hour later, clotting took place after 
■ - hours. At the end of one hour, the clotting time was shortened to 
four hoiu-s, and at the end of five hours the clotting time returned to 
° 1 namely three to four minutes. These results are i-epresented 

. ’ jj jjj Chart 1, and were substantially the same in several ani- 
grap nC‘ gontrols. It aa-ouM appear from the experiments recorded 
mals usee animal fluid, it Avould be 

here tha i j anticoagulant at least once every four or five 

necessary to leinjeci 


hours. 

by Kocbc-Orsanon. 


Inc., Koclic Park, Nutloy, 
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the vein. They found that, “in animals where only a single dose of 
heparin was injected before traumatizing the vein, twelve of the thir- 
teen veins used were completely filled udth thrombus and clot and the 
remaining one was partly occluded. To be effective, the vein had to 
be removed before the effect of heparin was worn off. In those experi- 
ments in which the animal Avas maintained under the influence of he- 
parin for some time after injuring the A^ein the incidence of obstruc- 
tion by thrombus formation Avas A'eiy small.” 



Fie. Animal received a preoperatlve Injection of llquaemin; note the ahsence of 
clot In the lumen and regeneration of the endothelial lining. 


The findings, of Jlurray and his co-Avorkers are not entirely in keep- 
ing Avith our data for several reasons. Fii-st, Ave have found it un- 
neeossaiy to keep tlie animal continuously under the influence of the 
anticoagulant in order to prevent clot formation in the traumatized 
vein. As has been shoAvn, a single preoperative injection of liquaeinin 
Avas sufficient to prevent thrombosis in four out of six rabbits similarlv 
U-eafcd. Second, in the series of experiments where the animals Avere 
mjected Avith the anticoagulant both preoperatively and postoperativelv 
nit after long intem-als instead of continuously (tAviee dailv) none InVl 
^^I'veloped a local clot. In this respect, therefore, onr findiiigs are in 
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(loses twice cliiiiy for ])eriocls ranging from two to five days. At the 
coin))letion of tlie period of lirjnacmin administration, the animals were 
reopcratod upon and the traumatized veins examined. It -was then 
found that none of the animals .showed any evidence of local clot for- 
mation both on gross and micraseopic examination. It was also evi- 
dent that the endotliclium had regenerated at the site of the injury. 



Wrom these ohseiwations it may be concluded that the administration 
limiaemin both before and after injuring the vessel wall keeps the 
^ ^idatin- blood fluid and prevents the formation of a local clot. At 
circula « endothelium regenerates com- 

'"i ,id thrombus formation does not follow. Animals receiving 
pletely ^ injection of liquaemin may or may not develop local 

only 'in the majority of instances it appears that a 

thrombose, < is sufficient to prevent elot formation in 

single inDeetion diftcrent results were reported by Jliir- 

the injured vesse . experiments with heparin in dogs. These 

ray and his heparin either as a single dose or in the form 

workers admmiste seventy-two houis following the injury to 

of a continuous mtusio 
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five animals under observation. Microscopically, the lumen, of the con- 
trol ivas occluded by a typical platelet thrombus. The veins of four of 
the animals that Mere injected with liquaemin shoMed no mieroscopie 
eiddenee of thrombus formation. In the remaining animal, the vein 
was parti}" occluded by a retractiug clot. The endothelium of the 
vessel of the heparinized animal had regenerated at this time and the 
eontmuity of the lumen was re-established, (Fig. 3). It would appear 
then that liquaemin can cause the solution or disappearance of a throm- 
bus if administered in the early stages of its formation. 

Six rabbits were subjected to the same procedure as described here, 
excepting that the injection of liquaemin did not begin until the third 
postoperative day. In tliree of the animals no clot ivas found in the 
vein either on gross or mieroscopie examination. In one animal the 
vein was partly occluded by a retracted clot and in the remaining two 
animals the entire lumen was filled with a thrombus. 



■"■Rich liquaemin Tvas not .aaministered until the sixth nnst 
tlotf- llouxomin 1;“'’ undergone complete orpranHatlon with some recana^to: 

iiquaemln had no effect in causing the disappearance of the thrombus. 


In four rabbits the injection of liquaemin did not begin until the 
•sixth postoperative day. At this time it was administered in l c.c. 
f OSes, twice daily, for a period of eight days, at the end of which time 
le ntiniials were rooperated upon and the veins examined. It was 
urn omul that the veins in the entire series were occluded bv an ad- 
■stane,. ‘ iiiioroseopie examination the vein in each in- 

"as oecluded by a partially organized blood clot containiim 
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contrast to the fmclin-s of Murray and his associates and may be ex- 
plained periiaps on the basis that there exists a difference in potency 
liolwcen tlie antieoaf’-nlanfs used in tiie individual experiments, or that 
tiic different tyjies of animals used may be a factor. It is conceivable 
that one type of animal may be more responsive to the effect of the 
drug than another animal. 



Fig, o. — Experiment in whicli the vein was traumatized and a clot allowed to 
form; this was followed two days later by lepeated injection of liqiiaemin in 1 c.c. 
doses twice dailj” for a period of six days. Note the complete disappearance of the 
clot and regeneration of the endothelial lining. 


The Effect of Liqiiaemin on the Formed Thrombus. — In the following 
sei'ies the jugular veins were first ti’auinatized in the manner described, 
the luniina were constricted, and a clot was allowed to form. On the 
second postoperative day the wound of the neck was reopened and the 
injured veins examined. It was then found that both veins were oc- 
cluded loose thrombi. A portion of one of the veins bearing the 
clot was removed for microscopic study and served as control. The 
onstrictin" ligature was removed from the other vein which was other- 
^ • left undisturbed. The animals were then injected with liqiiaemin 
doses twice dailj’ for a period of five to six da3^s. At the end 
111 1 animals were reoperated upon and tJie remaining vein 

of tins examined. It .was then noted that the clot previon.slj' 

removed a ^ vessel had completely disappeared in four of the 

fnniid occlnanic- 
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tlielium of a blood vessel ivill produce a local thrombus in a large niun- 
ber of instances,’ and that the formation of this clot is enhanced if the 
circulation at the site of trauma is simultaneously" retarded. Also, the 
experimental facts cited in this communication demonstrate quite clearly 
that liquaemin through its prolonged effects on the coagulation of the 
blood ivill prevent the formation of such a thrombus if administered 
to the animal before injuring the blood vessel. It is particularly effec- 
tive in preventing clot formation if administered both before and after 
injuring the vessel ivall. Of particular interest is the fact that the in- 
jection of a single dose of the anticoagulant was sufficient to prevent the 
formation of a thrombus in a relatively large percentage of the trau- 
matized veins. It will be recalled that ilurray and his associates were 
not successful in preventing the formation of a mechanically produced 
thrombus in the dog when a single dose of heparin was administered to 
the animal before injuring the vessel. According to their experiments 
heparin proved effective only in cases where the solution was adminis- 
tered continuously for some time following the mechanical injuiy to the 
vein. An attempt was made to explain these differences in results by 
assuming that the liquaemin used in the present .series of experiments 
was a more potent anticoagulant than the heparin which they have used. 
It was also felt that the different types of animals used in the individual 
series of experiments played a determining role. Sucli explanations are 
entirely hypothetical and therefore of little practical significance. While 
it is conceivable that such factors may exist, no sufficient evidence can 
be presented at the present time to prove these facts. 

Of added interest is the fact that liquaemin is effective in certain in- 
stances in causing the solution or disappearance of a clot if given during 
the early phases of its formation, namely, the second or thii-d day, but 
It is of no effect if given late after the clot has reached the stage of or- 
ganization. Here again, it is very difficult to explain the mechanism 
involved in such a process, since it is a well-e.stablished fact that lieparin 
has no effect on fibi’in solution. This was substantiated in our iir mtro 
c.vperiinents where the addition of liquaemin to fibrin freshly obtained 
from the rabbit’s blood had no effect. It is debatable whether other 
factors come into play in vivo which are not apparent in vitro and 
which may e.vplain the solution or disappearance of the clot when li- 
quaemin is used. 


ana TJie im- 


Thc foregoing evidence has a definite clinical application 
portance of these findings is quite obvious. The most dreaded com- 
pbeation of surgery, particularly in the aged and debilitated individual. 
IS the formation of a thrombus. That this picture is not overdrawi/is 
■s lown by 11,0 mortality figures of all the hospitals of tlie conntrv and 
he measures available at the present time to counteract such a'cata.s- 
lophe, to our Iniowledge, are still inadequate. This is therefore' 

if ,,, ,„i, i, ,.i„ 
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j)j oliJci’aliji" /ibi’obJa.sfs invading the tlirombns. In certain instances 
there ivas evidence of roeanaJization of the thrombus (Fig. 4). 

Tlie results ol the foregoing experimeiibs are quite significant and 
slied valuable light on the cftcet of liquaeinin on thrombus formation. 
It appears that under certain conditions liquaeinin is effective in caus- 
ing the solution or disajipearanee of a clot e.specially 'ivhen administered 
(luring the very early stages of its formation. It is of no effect if given 
during the later stages of clot formation, vhen it is undergoing organi- 
zation. It is difficult to explain the mechanism of this action, since it 
is a ■well-lcnoAvn jilij’-siologic fact that heparin is not a solvent of fibrin. 
It vas, therefore, decided to carr'v out the following experiments in 
vitro. A few drops of blood were withdrawn from the ear vein of a 
normal rabbit, idlowed to clot, and the fibrin separated. The fibrin 



was then mixed thoroughly with various dilutions of liqiiaemin and in- 
cubated at bod}^ temperature for several hours. It was found that the 
fibrin remained unaffected by liquaemin even when the latter was used 
undiluted. The failure of liquaemin to di.ssolve fibrin in vitro is in 
contradiction to the findings noted in vivo, and we are at a loss at the 
• sent time to explain the difference in results obtained. One may 
te hr sa 3 'ing that some other yet iine.vplained factor, or factors, 
specu apparent in vitro expei-i- 

may come^ present state of our 

TnowledJ'e concerning the mechauLsm of liquaemin action. 


COMMENT 

erimental and clinical evidence has accumulated, es- 
Conclusive exp demonstrate the fact that injury to the endo- 


INTRAVENOUS CLOTTING AND ITS SEQUELAE 

Alton Ochsner, M.D., and ]\Iichael DeBakev, M.D. 

New Orleans, La. 

(From the Department of Surgery, School of Medicine, Tulane University, and 
the Ochsner Clime, New Orleans) 


I NTRAVENOUS dotting is feared all surgeons, not because of the 
A venous thrombosis per se, but because of the potential sequelae. The 
complications of venous thrombosis vaiy considerably in their manifesta- 
tions and in their prognosis. Nothing could be more tragic than the 
sudden instantaneous fatality from massive pulmonaiy embolism follow- 
ing an apparently normal eonvaleseenee from a clean operative proce- 
dure, and the persistence of postphlebitic edema following phlegmasia 
alba dolens is indeed disabling. 


It is not within the scope of this presentation to discuss the etiologic 
factors in intravenous clotting. These have been covered in detail in 
previous publications.^"* It is of importance, however, in considering 
intravenous thrombosis to differentiate between the two types as previ- 
ously emphasized by us,*’ ^ not only because of difference in the 
mechanism of development but also because of the variation in prognosis 
and therapjL "Whereas most postoperative and postpuerperai intra- 
venous thromboses are the result of inflammation of the vein wall vdth 
consequent clotting of the blood, i.e., thrombophlebitis, there are many 
cases of venous thrombosis in which there is no associated inflammation 
of the vein wall, that is, phlebothrombosis. Thrombophlebitis is aecom- 
imnied by definite sjmptoms, pain, fever, and swelling and because of 
this the diagnosis is easy but the diagnosis in phlebothrombosis is less 
evident because the symptoms are either very mild or entirely absent. 
As previously empliasized by us, the latter condition is not associated 
with an inflammation of the vein wall and for this reason the clot is not 
firmly attaclicd. There is likely to be little or no pain, no swelling, and 
no fever. Of greatest importance is the elevation of the pulse rate out 
of proportion to anything else and frequently a sense of impendiiw 
disaster by the patient. 


1 he prognoses in the two tjyes of intravenous clotting van- con- 
siderably. In thrombophlebitis, because the coagulum is the result of 
c langes in the vascular endothelium caused by the associated inflamma 
__^ic clot IS firmly attached to the vein wall, and is cither a white or 

niTi’lvod ■ 
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vent llic loniintioii ol n clnf, the prognosis iviJl be materially improved. 
WJicreus this can be determined only by further experience, the anti- 
eoafinlant certainly merits a trial in all such cases where thrombus 
formation is prone to occur. The problem is already receiving in- 
creiising thought, as is shown by the ever growing inve.stigatioiLS upon 
the subject. Jlixrray has undoubtedly made one of the ino.st important 
advances in the therapeutic consideration of hepaiun with the introduc- 
tion of the anticoagulant in surgery of the vascular sj'steni. 

It also apixears from the result.s of the experiments cited above, that 
liquaemin has a definite e/Fcet on formed clot, but only when the latter 
is .still in the early stages of its fonnation. Should this pi-ove to be 
the fact in the lunnan being, it will unquestionably have a wide clinical 
application. It will be of particular xise in diseases in which there is 
extensive thrombus formation or expeel ation of it, such as in pul- 
monary, coi'ojmiy, peh’ie, and other vessels, and iJi which there may be 
great danger to life through embolism as w'ell. 


SUJI3URY AND CONCLUSIONS 


1. All experimental method of producing a thrombus in a vein by 
injuring its endothelial lining and slowing the local circulation has been 
presented. 

2. Liqxiaemin has been shown to be a powerful anticoagulant of the 
rabbit’s blood even when administered in small single doses. 

3. The administration of liquaemin before injuring the vein and the 
formation of a thrombus will prevent the subsequent development of a 
local intravascular clot. It was found unnecessaiy to administer the 
anticoagulant eontinuousl.r in order to obtain the desired effects of the 
drug. 

4. In a certain number of eases, liquaemin proved effective in causing 
the solution or disappearance of a thrombus but only when given dur- 
ing the earb’’ stages of clot formation. It was of no effect when given 
late after the clot had already organized. 

5. The clinical application of these findijjgs has been briefly dis- 
cussed. 


to pxvie’=!> our intlebtedne.-:.'! to Uie American Medical A.-isociation for 
their srant which enabled us to carry out these experiments. 
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brandies of the pulinonaiy arteiy. This results in infarction of the 
lung, which is of importance not only because of its associated pneu- 
monitis but also because it is a warning that the patient has a focus from 
which emboli can originate and produce a fatal embolism. According to 
Zink,' 70 per cent of patients with fatal pulmonary embolism have had 
an antecedent infarction. As emphasized by Barker, Nygaard, Walters, 
and Priestlei',® patients with multiple episodes of pulmonaiy embolism 
terminate in a fatality in about 60 per cent. They also found that in all 
cases of fatal embolism, the final attack was preceded by one or more 
nonfatal attacks in 36 per cent. Of great importance in nonfatal pul- 
monaiy infarction is the necessity of preventing further embolism and 
particularly massive puhnonary embolism. In addition to this, although 
of less importance, is the possibility of pneumonitis occurring in the 
lung as the result of the disturbance in blood supply and superimposed 
infection of the pulmonaiy parenchyma. Another possible complication 
of embolism which occurs relatively infrequently is pulmonary arterial 
fibrosis which has been emphasized by Belt.® He believes that this is 
likely to follow recurrent, nonfatal embolism resulting in subsequent 
pulmonary thrombosis and fibrosis. 

The sequelae of thrombophlebitis must be divided into two types, 
those which follow the nonsuppurative variety and are by far the most 
common and those which follow the suppurative lesions. Those which 
follow the nonsuppurative type of thrombophlebitis are postphlebitic 
edema, postphlebitic streptococcic infection, and postphlebitic ulceration. 
Following the suppurative varietj-, embolism is the most impoi'tant 
sequel. This may result in septic infarction with the development of 
pneumonitis or pulmonary abscess and even sepsis. 


As mentioned previously, the treatment of intravenous thrombosis 
is primarily that of prophylaxis. If, however, phlebothrombosis or 
thrombophlebitis occur, their sequelae also can be prevented by prophy- 
lactic management, which is without doubt the best form of therapy. 
The prophylactic therapi^ for embolism in phlebothrombosis consists of 
the early detection of the intravenous lesion and the institution of 
measures to prevent the detachment of the clot with resulting em- 
bolism. As mentioned before, the clinical manifestations of phlebo- 
Ihrombosi.s are not marked, and it is for this reason that the condition 
1 .S likely to be overlooked unless one con.siders the ]iossibility of its exist- 
ence. Too frequently a patient who has had a relatively simple operative 
lu-oecdure and who is apparently convalescing nicely develops a fatal 
pulmonaiy embolism upon firet getting out of bed. This can usually 
bo obviated. In any individual in whom intravenous thrombosis mi'^hV 
occur, particularly if there has been extensive tissue trauma and'" in 
an individual in whom circulatory retardation is likely, .such as oldcrlv 
pei-soiis with mipaircd cardiovascular activity, (he possibility of pldebo 


r.so 


suRGKny 


<1 iJiixed (hi’onilni.s. Jt is for this reason that the clot seldom hecomes 
detached and it is not likely to develoji into an embolus. The only condi- 
tions nndei’ which cnihoJism can occur in tliromhoplilehitis are in those 
eases in wliich a red or coagnlalioii thrombus proximal to the white or 
mixed tlu’onibus, or in those relatively rare cases of sujipurative thromho- 
pidcbitis in which liquefaction of the clot by the infection maj' occur 
with separation of infected emboli. Although jiatients with thrombo- 
phlebitis seldom develoj) emboli and therefore do not succumb to massive 
pulmonary embolism, they live to develop postphlebitic sequelae. On 
the other hand, patients witli plilcbothrombosis in Avhom there is no 
associated inflammation of the vein wall and in whom the intravenous 
clotting is the result of changes in the fluid and solid constituents of 
the blood together with eireulatoiy retardation are potential fatalities 
liecause the clot which is a coagulation thrombus is not attached to the 
vein wall and is easily loosened, resulting in pulmonary embolism, either 
a massive one or a smaUei' one resulting- in pulmonary infarction. 

The treatment of most of the intravenous clottings and their sequelae 
consists prineipalb’ in pre\"enting tlie thrombosis, and although it is not 
the purpose of this presentation to discuss tJie causes of intravenous 
clotting it must be emphasized that any trauma, whetlier it is the result 
of an infection, an invasion by malignant disease, operative, accidental, 
or puerperal injury, produces changes in the constituents of the blood 
which predispose to clotting. If in addition to these changes there is 
circulatory retardation, which is likely to occur in the lower extremity, 
intravenous clotting is favored. By minimizing tlie operative trauma, 
the teudeuej'- toward thrombosis can be decreased. Of greatest im- 
portance, however, is tiie prevention of circulatory retardation in 
patients who have had tissue trauma until resulting blood changes. These 
frequently consist of avoiding vasospastic influences such as exposure 
to cold, and smoking ; the correction of cardiovascular disorders ; and the 
prevention of stasis within the vascular system by overcoming abdominal 
distention, by encouraging deep breathing, and by mobilization of the 


extremities. 

As mentioned previously, it is not the thrombus per se which is of in- 
terest to the physician and patient but rather its potential sequelae. Jn 
nhlebothrombosis, embolism and its complications are the important 
P elae Embolism may result in sudden fatality because of massive 
• tr of the pulmonary arteries which has been demonstrated by 
pluggmg^^ occur when the lumen of the pulmonary vessel is decreased 

• cent or less of its original size. In most eases of pulmonary 
to 15 pel c according to Barker, Xyganrd, 

embolism p-jcstlcv" only 24 per cent of the eases of pulmonary cm- 
yValters, an fii-st attack. In the other eases of pulmonary 

holism ^ . smaller* producing obstruction in the smaller 

embolism, Am 
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soft tissue detail. It is desirable to have the roentgenographie tube ar- 
ranged in such a rvay that both tiie lower and -upper films can be exposed 
at the same time. This is possible only if the tube film distance is at least 
six feet. If it is not possible to have the tube six feet above the table, 
visualization of the leg and popliteal vessels should be done first and 
later a similar visualization of the veins of the thigh obtained. Before 
attempting phlebography it is desirable that one familiarize himself with 
a normal phlebogram beeairse only bj^ contrasting the findings in a given 
case vdth those found normally can one determine whether an in- 
travenous clot is present and accurately locate a tlu’ombus visualized as a 
defect in the nomal venous sj^stem. 

If phlebography demonstrates the presence of an intravenous clot it 
is imperative that steps be taken either to remove the clot or to prevent 
its migration into the systemic circulation. Depending upon the location 
of the clot the vein should be exposed and either tied above the clot 
or the vein opened and the clot removed. If the thrombus is located in 
the superficial vein it is relatively simple to ligate the involved vein 
above the thrombus. If, however, the deep venous system is involved, in 
which case the thrombus frequently extends into the iliac, one may either 
expose the iliac vein and ligate above the thrombus or preferably open 
the femoral vein at its junction with the saphenous and remove the 
thrombus by means of suction. This can be done if need be in the 
patient’s room, but is best done in the operating room. Undei' local 
analgesia, the femoral \'ein and its tributai’ies in its upper portion are 


exposed. Care is taken not to manipulate the veins any more than is 
absolutelj^ necessary because a thrombus which frequently is difficult to 
detect before the vein is opened can be dislodged easily. After careful 
dissection a ligature is looselj- placed around the profunda vein, another 
around the femoral below this, and another above the saphenous win 
is doubl}' clamped close to the femoral and di\-ided. The distal end is 
ligated. With the head of the patient somewhat elevated in order to 
increase the venous pressure, the clamp on the proximal end of the 


saplionous vein is removed and the edges of the open vein caught with 
nio.squito forcep.s. If no bleeding occurs it is evident that there is a 
Ihj'o/nbus in the femoral vein. A suction tip is introduced into the lumen 
of tlie femoral vein and directed ccphalad. By means of gentle suction 
(ho contained thromhiis is removed. Complete evacuation of the clot 
proximal to the opening in the vein is indicated by free retrograde flow 
of blood from the proximal end of the vein. Tiie ligatures which previ- 
ously had hecn placed around the femoral are lied. By this proeednre 
detachment of the thrombus is prevented and embolism is oln-iated 
Although prophylactic therapy of embolism in phlebofhromhosis is 
the Ideal method of treatment, there arc many imtienfs who are seen 
for the first time after embolism has occurred. The .active (hcrapv of 
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tliiombosis must be considered. Whereas t]ie 3 '’ do not present the typical 
picture seen in tliromljoplilebitis, such as swelling of and pain in the 
cxivetniiy, and fever, they frequentlj' liave a tachj^cardia which is out of 
proportion to all other finding.s. Tliis should immediately make one 
suspicious of the ])ossibilitj' of a phlebothrombosis. This together with 
an associated increase in erj’throe^'lic sedimentation rate is of diagnostic 
importance. Of diagnostic importance also is the detection of tender- 
ness along the course of possiblj'^ involved veins. In elderlj’^ indmduals 
in whom thrombosis is likel}-, careful inutine examinations of the lower 
extremities are essential. Since manj’ of the thrombi begin in the plantar 
veins of the soles of the feet, tenderness on compression of the foot is of 
diagnostic significance. Neumann® found that the plantar veins were in- 
volved in 71 per cent of eases of intravenous clotting and that solitary 
plantar vein thi-ombosis occurred in 12 per cent. Tenderness on forceful 
compression of the calf muscles and pain in the calf and popliteal space 
when the foot is foreefullj- dorsiflexed as suggested by Homans’" is 
indicative of thrombosis of the deep veins of tlie calf. Neumann® found 
the caH veins involved in 87 per cent of cases witli intravenous throm- 
bosis and the thromboses were limited to these veins in 29 per cent. 
Rossle,” in post-mortem studies, foimd that 25 per cent of all patients 
had calf vein thromboses. One should palpate along the course of the 
femoral vessels also to determine the possible existence of thromboses 
in them. Careful measurements of the circumference of the lower 
extremities are of importance in the earlj’- detection of intravenous clot- 
ting, and enlargements of one or both extremities is suggestive of begin- 
ning thrombosis. 

If any of these sjmiptoms and signs are present one must suspect an 
intravenous clot, and phlebograph.v is imperative. Tiiis will not only 


demonstrate the presence or absence of a clot but will also give its loca- 
tion. Phlebography was advocated b 3 ^ dos Santos’® and Bauer,’® and 
has been popularized in this eountiy b 3 ^ Welch and his associates.’^ It 


is a procedure which is virtually wdthout danger and should be employed 
in all suspected cases of phlebothrombosis. Phlebography as practiced 
in our clinic’® is briefly as follows: With the patient in the supine po.si- 
tion on the roentgenographie table a tourniquet is placed around tiie 
upper part of the thigh just below the fossa ovalis and applied tightly 
enoiU’-h to compress the superficial veins. A 7 by 14 cassette is placed 
1 neath the leg and lower part of the thigh and a 17 by 14 cassette placed 
■ '^"tandem above this extending up to the pelvis. The lower cassette is 
d 0 that it extends above the knee to include the popliteal vein 
placed s ^ extremity is rotated somewhat medially in order to 
on this • tibia and fibula. Into a superficial vein of 

separate t ® 25 ^.c. of a 35 per cent diodrast solution at a rate 

the foot are second. Approximately 25 to 30 seconds after the 

of about 1 c.e. P exposure is made in order to bring out 

completion of tne u 
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limited to the Yenoos system, the symptoms are almost entirely those 
referable to the arteriolar system, the arteriolar contraction being the 
result of A'asospastie impulses originating in the thromhophlehitie seg- 
ment. 

In addition to the vasodilatation secured by the procaine block of the 
regional sympathetic ganglia, it is important that the extremity is 
wi'apped with compression bandages. Tins is best accomplished by the 
application of an Ace No. 8 bandage from the toes iip to the upper limit 
of the swelling. Immediately^ after the application of the compression 
bandage, the extremity should be mobilized. Instead of having the pa- 
tient keep his legs perfectly^ quiet as rvas previously done, he should be 
made to move them frequently' and prefeiably' against a resistance. 
Active flexion of the foot agamst a resistance ten to fifteen times every 
hour is of great value in these eases. 

Unfortunately, there are many^ cases in which active therapy^ was not 
used during the acute thrombophlebitis so tliat postphlebitie edema de- 
velops. There are few lesions which are more disabling than the edema 
which follows an antecedent phlebitis many years previously. It is for 
tliis reason that it is desirable that something be done for these chron- 
ically disabled patients who have not been adequately treated during 
the period of their acute phlebitis. Whereas it was our original con- 
tention that the chronic persistent postphlebitie edema would be bene- 
fited little or none by’^ vasodilatation because it was difficult to under- 
stand how vasospasm could play a role in such a lesion, we are now 
equally as conrineed that most if not all chronic postphlebitie edemas 
can he relieved by the institution of vasodilatation. The results although 
less dramatic than in acute thrombophlebitis are equally as acceptable 
to the patient because the patient with the acute thrombophlebitis who 
is well within a week or ten days cannot appreciate to the same degree 
the results obtained as can the patient who has had a swollen painful 
extremity for many yearn and who is similarly relieved although it may 
take a longer period of time. It is i-elatively easy to detemine whether 
or not vasoconstriction is a factor in the production of the symptoms by- 
determining the effect of the vasodilatation on the edema. The patient 
is instructed to walk a given distance, usually about a mile at a normal 
rate of speed. Following this, careful measurements of the involved 
exti-cmity are made. The cireuiufcrenee of the thigh at two levels the 
circumference of the knee, and the circumference of the leg at two levels 
are detemined. Procaine block of the homolateral .sympathetic ganglia 
is done and after approximately 20 to 30 minutes have elapsed to per- 
mit the block lo become eoni])]ele the patient again walks the same dis- 
tance at approximately the same rate of speed. Following the comple- 
tion of this tour, measurements of the extremity at the same levels are 
made. If thera is a decrca.se in the size of the extremity following llm 
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a patient willi pulmonary embolism depends to a large extent upon the 
iypo of embolism. If there has been a massive pulmonaiy embolism re- 
sulting in obliteration of a considerable portion of the pulmonarj’ arter)’, 
energetic radical ijroccdures are necessaiy. Because there is probably an 
associated spasm of the remaining pulmonary vessels, measures to re- 
lievo the spasm are of great imporlaiicc. As emphasized by Jesser and 
deTakats,'® the intravenous administration of papaverine and atropine 
because of their antispasmodic effect are beneficial. Novocain block of 
the cervicodorsal sjunpathetie ganglia ■n-ill relieve many of these patients 
and save lives. Because their ox3'genation is greatly impaired it is 
impei’ative that these patients receive inhalations of oxygen in high con- 
centrations as it minimizes respiratory and cardiac efforts. 

Although embolectomj'’ as originally suggested bj’- Trendelenburg was 
considered quite popular one and one-half decades ago, it is now rela- 
tivelj’’ infrequentl3^ used. The number of patients who have been saved 
b}' this heroic procedure is so small that it offers relatively little in the 
treatment of pulmonar3’^ embolism. Certainly one is most justified in 
watching the patient who has had one or more nonfatal emboli until 
fatal embolism occurs as has been suggested b3’- some of the continental 
woi'kers. It is far better to prevent pulmonar3* embolism by the proph3'- 
lactie measures outlined above. 

In the patient who has had a nonfatal puhnonaiy embobsm with in- 
farction it is imperative to control the pneumonitis which ma3’’ result. 
Fortunately, this is not much of a problem toda}’’ with the use of the 
sulfonamides. Ox3"gen administration is desirable in pneumonitis for 
the same reason that it is valuable in massive pulmonary embolism. 


In thrombophlebitis in which, as mentioned pi'eviousl3’', there are 
marked clinical manifestations and in which the diagnosis is not difficult 
to make, prevention of sequelae is important. In the nonsuppurative 
variety postphlebitic edema, postphlebitic streptococcic infection, and 
postphlebitic ulceration are the most disabling sequelae. As we^’’ have 
demonstrated repeatedly', the prophydactie treatment of postphlebitic 
edema consists of the production of vasodilatation during the acute 
phase of thrombophlebitis by' repeated procaine anesthetization of the 
regional sympathetic ganglia. Whereas previously the convalescence 
■ these eases was prolonged from six to eight weeks and the post- 
1 lebitic edema persisted for months or even y'cars, these patients now 
^ be perfectly well witliin a week or ten day's by the use of this con- 
V 'e therapy. procaine injections of the sympathetic ganglia 

servativ patient has fever because it is our opinion 

should e _ ^ ^ fever is an indication of the pei-sistonce of the 

that the ^j-geess which results in the spasm of tlic arterioles, 

thrombophle i ^ggpojjsible for the edema. From a biological sland- 
which in turn ,vhcreas in thrombophlebitis the lesion i.s 

point it i® 
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fibrosis resulting from the infection. This condition, consists of recur- 
rent attacks of chills and fever associated with burning, itching, pain, 
and redness of the extremit 3 ^. These result from the flare-up of a dor- 
mant streptococcic infection of the skin of the extremity or as the result 
of sensitityty of the skin to an acute streptococcic infection elsewhere in 
the bodj' such as the throat. There is deposited in the skin and sub- 
cutaneous tissues a considerable amount of fibrous tissue resulting in a 
true elephantiasis and characteristically the condition becomes worse 
with each attack. This is best treated prophj'lactieaUj" using the 
same measures used for the prevention of postphlebitic edema. The 
active therapj' of this recurrent eiysipeloid condition consists first of 
producing vasodilatation bj'^ the same measures which are used in post- 
phlebitic edema. In addition, eompi-ession and active mobilization of 
the extremity are essential and .sulfonamide therapy is necessary. 
AVliereas Ochsner, Longaere, and Murray^^ reported that sulfonamides 
were of little value in these eases, we have subseguentty found that the 
administration of sulfadiazine in large doses for a week out of each 
month wiU usuallj’- control and prevent recurrences. As advocated b}’' 
Trout, the administration of rclativety large doses of sulfanilamide 
not onty during the attack but also at monthty intervals for a j'ear is 
essential. It is the rule in our clinic that these patients receive from 
60 to 90 gr. of sulfadiazine a day for a week out of each month. In 
this way the dormant microorganisms in the tissues or other parts of the 
body can be eliminated. In a case in which the condition has been pres- 
ent for a long time it is occasionalty nccessarj' to resort to a radical pro- 
cedure such as a modified Kondoleon operation because onty bj'- such 
therapy can the excessive subcutaneous fibrous tissue which is re- 
sponsible for the persistence of the edema be removed. 

Another infrequent complication of thrombophlebitis is postphlebitic 
ulceration. Here also the treatment consists primarilj' of proplndaxis 
and by preventing the thrombophlebitis and the subsequent edema, 
postphlebitic ulcerations can be prevented. The active therapj’ consists 
of the institution of vasodilatation, the use of compression bandages, 
and mobilization. Sulfonamide therapj’^ is very helpful because of tlie 
frequent presence of streptococci in the ulcer and the surrounding tis- 
sues. Because tliese eases also have varicosities of the superficial veins 
and the communicating veins between the superficial and deep .systems, 
these must be corrected before the ulcer will heal. Generally tiic usu- 
ally succc-ssful methods of therapy of varicosities will fail because of the 
presence of one or more large communicating veins in the base of the 
ulcer in which the valves are incompetent, permitting retrograde flow 
from the deep to the snpcificial systems. In order to accomplish a cure 
It IS necessary to ligate those veins, and it is usually desirable to e.vci.se 
tlie ulcer and surrounding sear tissue and eover the defect witli 
graft. " 
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Jinestlietizatioii it is evident that vasoconstriction plays a role in tlie 
production of tlio cdeina and it is logical that vasodilatation vill have 
<i benefleial effect. In all cases of postplilebitic edema, unless there is 
some definite indication for active radical therapy, conservative measures 
should be used. Tliesc consist of reflex vasodilatation by the application 
of heat to an uiiinvolved portion of tlic body as originally suggested by 
Lends and Pieicering, and Landis, and Gibbon. This can he aecom- 
plisiied either bj’ immei’sing an nninvolved extremity, such as the arm, 
in hot water two to three times a day for about 30 minutes, or by the 
ajoplication of a hoLwater bag or heating pad to the abdomen after re- 
tiring at night. Eepeated procaine blocks of the lumbar sympathetic 
ganglia are of value and will frequently apparently break the mcious 
cycle and permit prompt resolution. It is imperative that these pa- 
tients avoid vasoeonstrieting measures such as chilliiig and smoldng. 
Patients sliould be instructed to avoid getting chilled at aU times. They 
should wear bed socles during the night and should protect their ex- 
tremities and the rest of their bodj^ during cool weather. It is also 
essential that thej^ refrain from smoldng because of the vasospastic in- 
fluence that it exerts. Of great importance in the conservative treat- 
ment of thrombophlebitis is the compression of the involved extremity 
because it is our firm belief that no individual should be allowed to 
have edema. This is best accomplished by wrapping the extremity with 
Ace No. 8 bandages, the wrapping extending from the toes to above the 
area of swelling. The bandage should be applied in bed before the pa- 
tient ai’ises in the morning and removed upon retiring at night. Tlie 
administration of relatively large doses of vitamin is of value ap- 
parentlj' because it favors oxidation in the tissues, which in turn de- 
creases the permeability of the capillary endothelium. 

In the severe case and in some individuals for economic reasons, such 
as the laborer who is incapacitated because of his postplilebitic edema, 
radical procedures to produce vasodilatation are essential. In these 
cases resection of the regional sympathetic ganglia to produce a per- 


manent vasodilatation is desirable. Whereas sympathetic ganglionec- 
tomy may seem at first thought a veiy radical procedure, it is un- 
doubtedly tlie best type of therapy in the indimdual whose livelihood 
is jeopardized by disability resulting from persisrent postplilebitic 
edema. By performing the operation through a muscle-splitting ap- 
•oacli which we have employed for years it is possible for tlie patient 
to be out of bed within three days and be discharged from the hospital 

on the fifth postoperative day.- 

+■ • Iv rarely in patients who have had a postphlclniie edema 
Bela l^e J Ujere ,j,ay occur recurrent strejilococcie in- 

over a long P importance not only because of the di.snbilify 

feetions ^ jntsclf produces but also because of the likelihood of 



OCHSNER AXD DE BAKE! ; IXTKA\'EXOUS CLOTTIXG 


6S9 


The sequelae of nonsuppurative throml)ophlebitis are postplilebitic 
edema, postplilebitic streptoeoecie infection, and postplilebitic ulcera- 
tion. All these are best treated propliylaeticaUj^ i e., the institution of 
vasodilatation during the acute stage of thrombophlebitis Vasodilata- 
tion is of great benefit even after the sequelae have developed. Post- 
phlebitic streptococcic infections, in addition, require the administration 
of sulfonamides at regular intervals for a year or more. 

In postplilebitic ulceration the associated varicosities of the superficial 
and communicating veins must be corrected. 

The treatment of embolism is also that of prophylaxis In phlebo- 
tlirombosis early detection of the thrombus by phlebography and either 
the removal of the clot or the ligation of the vein above the clot are im- 
perative. In suppurative thrombophlebitis, ligation of the involved 
vein above the thrombophlebitie segment or the extirpation of the in- 
volved vein and thrombus is necessary to prevent pneumonitis, sepsis, 
and death. 
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Suppiu alive tliromboplilebitis is frequeiitlj’’ associated with puerperal 
sepsis and occasionally in olber infections involving an extreniitj'. The 
danger in such a case is llic brcalci2ig off of infected emboli with the pro- 
duction of secondary septic processes at the site of lodgment of the 
embolus and also the possilrilitj’’ of a blood stream infection. Here again 
jn'opliylaxis is of greatest importance. Ligation of the vein proximal to 
the site of the thrombus is imperative. Oecasionallj’', excision of the 
involved vein is the preferable procedure as is frequentlj' the case in 
thrombophlebitis involving the superficial veins of the extremity. These 
same procedures are used as active therap3' once the condition has oc- 
curred. The site of election for the vein ligation depends upon the 
veins involved and the extent of the process. In manj’’ cases of pelvic 
infections associated witli septic puerperal infections because of the 
widespread involvement, it -is necessary to ligate the vena cava. Con- 
rad Collins, of orrr department of gjmecologj", has ligated the vena cava 
in twelve cases of supprrrative pelvic thromboirhlebitis. This procedure 
has also beerr dorre on orrr service in three eases of suppurative thromho- 
plrlebitis origirrating in the pelvic veins, and it is astounding to see the 
dramatic results which can be obtained in these cases following the liga- 
tiorr of the verra cava, which meehanicallj' preverrts the dissemination of 
infected emboli. 

Although ligation of the verra cava may seem a very radical procedure 
and far too exterrsive to be justified, our results demonstrate that not 
onl}'^ is the operation lifesaving but also that it is attended with little 
risk and few if arrj' sequelae. Nothing is more dramatic than the com- 
plete cessatiorr of aU chills and the prompt subsidence of fever in a 
patient who premoirsty had recurrent chills and fever and was critically 
ill. The results in such a case are due to the preveirtion of dissemination 
of the infected emboli which if allowed to continue would almost in- 
variablj^ result in sepsis and death. 

su3m.,uiY 

Intravenous clotting per se is of little significance but its sequelae are 
of great importance. 

In the consideration of the sequelae of intravenous thrombosis, it is 
necessary to differentiate between the two types of intravenous clotting, 

■ e phlebothronibosis and thrombophlebitis. The thrombus in the for- 
^ ’> is loosely attached and is likely to become detached resulting in 
r m Embolism in thrombophlebitis occurs infrequently because 
T tl^^-ombus is firnil.v attached to tlic vein wall. Only when a eoagu- 
• ^ ' tl 'ombus which is a red clot and not attached, forms proximal to 
lation t 1 I area, or when suppuration oeeuis in the thromho- 
the throro opi liauefaetion of the clot, docs embolLsm occur in 

plilebitic processes, ivun j 

thrombophlebitis. 



ONE-STAGE PERINEO-ABDOMINAL. OPERATION FOR 
CANCER OP THE RECTUM 


Albert 0 . Sixgletox, JI.D., Galvestox, Texas 

(From the Department of Surgery, Medical Branch, , University of Texas) 


T he Kraske operation for cancer of the rectum, which came into 
use about fifty years ago, was probably the most serious procedure 
tliat surgery imposed upon a patient at that time. At least, it was one 
of tlie most tedious and difficult, if not the most hazardous of operations. 
This was a very courageous attempt to eradicate cancer of the rectum 
and tlie areas to wliich it spread, and in truth it was a far step in the 
satisfactory removal of cancer in this region. Properly done, the entire 
rectum and a largo amount of tlie sigmoid could be removed, with the 
gland-bearing tissues as well. It necessitated a perineal colostomy which 
was more acceptable to the patient, and for a long time it seemed to be 
as satisfactory as an operation could be in this part of the body for 
this disease. Still the mortality was high, and subscciuent studies of the 
spread of the disease showed that cancerous tissue was left which might 
be removed with a still more extensive operation, provided the abdomen 
was opened and an abdominal colostomy was resorted to. 

At the present time the maximum attainment in surgical procedures 
for eradication of cancer of the rectum is that based upon the operation 
which now carries the name of ililcs radical procedure, which, as is 
well known, contemplates the complete removal of the anus, rectum, 
and lower part of the sigmoid flexure with gland beai-ing tis.sue about 
thc.so parts of the large bowel. This procedure has been popularized by 
a groat many capable surgeons. Rankin. Jones, Bartlett, and others have 
made some modification.s of tlie iMiles procedure but generally the oiiei-a- 
lion is the same, and the ahdoinino-iierineal procedure in the sequence 
mentioned is used by a great majority of surgeons at this time. We prac- 
ticed this operation for some time but found it technically quite difficult 
on any occasions, imrticularly in the male patient whose pelvis is verv 
dec)) and narrow. Also, the difficulty was increased if there was disten- 
tion ot the bowel, and if the auc.sthetic was not perfect. 


Since Ifl'.tO. we have utilized the rever.se seiiuence in the operation 
that i.s, the ]ierineo-abdominal sequence, almost exclusively because we 
liave lound this method so very much easier to perform and our patients 
are 111 much better eomlition after the o))eration than previou.sly ex- 
done the operation oji forty-six consecutive ]mticnts 


for mnnicatlfn. Jun*' 
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In women it is not necessary to disturli the coccyx. The rectum is freed 
in the usual waj^, the infei’ior hemorrhoidal vessel being identified and 
doubly ligated, and the levator muscles cut wide of the rectum (Fig. 2). 
The fascia propria is identified and incised (Fig. 3), and by blunt dis- 
section with the hand within the fascia, the rectum is freed from the 
liollow of the sacrum. 



U? Vaui iltliotonij- or noeoloclcal position; catheter in Waarler 

nrlnf- nitch.s' (A inVrjl“rr r*'*'"’,’ closca with two purse.' 

forniiril nrountl thi'\imis, ‘ coccyx towarC the mSiiline SiO 
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for cancer of tlic rectum. Of tliese patients, two liave died following 
opeialion, both early in our experience. One patient apparently died 
of delayed shock as autopsy revealed no cause for death although gen- 
erally he was a very favorable risk. The second patient, a woman, had 
an intestinal obstruction due to a herniation of a loojj of bowel through 
the perineo-peritoueal suture line, rvliieh should not have occurred, and 
should have been recognized early enough to prevent death. No patient 
other than these two was in a grave condition at any time and we have 
not had a death in the last thirty-nine consecutive cases. We are so 
impressed with the advantages of the operation that we are here giving 
a description of the procedure and also a discussion of the advantages 
and disadvantages of it. 


METHOD OF PROCEDURE 


1. A purgative is given fort 3 '-cight hours before operation. We do 
not emphasize a long preoperative preparation of the patient as is so 
generallj' stressed bj^ man}’- writers. If the colon is veiy empt.v we see 
very little reason for endeavoring to make it completely empty or clean 
from the standpoint of number of bacteria, by days of fasting and 
repeated purgation. An enema is given the night before the operation. 

2. An indwelling Levin tube is passed in the stomach and gastric 
suction started before the anesthesia begins. This gastric suction is 
maintained for a period of three to four days following operation, elim- 
inating all danger of postoperative ileus and distention. 


3. The patient is placed on the operating table in an extreme lithotomy 
position (Fig. 1). We formerlj’- did the perineal portion of the opera- 
tion with the patient Ijdng on his face over the table with the buttock 
elevated, which we thought quite satisfactor.v, but there was some con- 
firsion when the patient had to be turned over on his back for the 
abdominal portion of the operation. For some time we have used the 
lithotomj^ position and find it an advantage in that the orientation of the 
arratomj^ is more satisfactory and the confusion and trouble of turning 
the patient over for the second part of the operation is eliminated. An 
indwelling catheter is placed in the bladder and the bladder allowed 
to remain empty during the operation and for one week subsequently. 
The perineal region is scrubbed thoroiighfr with soap and wafer and 
a <TOod brush, and antiseptics used for perineum, buttock, anus, and 


scrotum. 

4 A yard strip of dry gauze is .passed into the rectum (Fig. 1). This 
■ves the purpose of identif.ving the rectum and facilitating dissection; 
't absorbs fluid content should there be fluid in the rectum, i-cdwc- 
^ ^°+li/dan''er of soiling if the bowel is accidently o})encd. Next, the 
ingti^ < ^ clouble row of pnrsc-sfring suture.s. making the 

anus IS secure. The incision is made in the usual wa.v from 

anal closuic ^c . anus: in men the tip of the cocevx is removed. 

over the cocj-x around me 
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middle hemorrlioidal with the triangular ligaments to the rectum are 
identified by blunt dissection, ligated, and the rectum freed on each side. 

By pushing the peritoneum off the prostate, one opens the perdtoneum 
and enters the peritoneal cavity. This opening is made entirely around 



!-li. 


, liu,'.' ! mi’I'n 1 imiwii Itij iiio rcciimi freed from tlie Iiollnn. nr 

In On Iniitl In.--, .1 tiithin ihc f.iscla propri.i and around tlie rectum. 




the s)di>s and i,, front of tlio lofliim and the rectum tnav then i)e drawn 
cons.de, al.Iy and the latcitd attachments of the pm-ilonenm to the 
rectum incised m. on to tlie simnoid. 
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From in front, tlie separation is made between the nrethra and pros- 
tate and the rectum in men (Fig. 4). In women the rectum ma.v bo 
dissected fi’om tJie vagina, but much time and bleeding may be saved 



Cocc,-x«c., 




nients oi nu---- 

■ Urn nosterior wall of the va<fiim wjtli t).e rectum. Tins 

|3V removing ttic i m^seninc tlic darmcr of eiifcring the roeliirn, 
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middle hemorrhoidal with the triangular ligaments to the rectum are 
identified by blunt dissection, ligated, and the rectum freed on each side. 

By pushing the peritoneum off the prostate, one opens the peritoneum 
and enters the peritoneal cavity. This opening is made entirely around 



die sides and in front of the I'cctuni and tlio rectum may tJion bo drawn 
' own considerably ami the latei-al allachmenl.s of tiie iicritonoum to the 
incised up on to the sijzmoid. 




, , > r.'ctum 1“= frpcd from tlio corimra sponBlosuni. urethra. 

Fig. 4 — Tn women the posterior vaginal vail ivc- * • ■ ■ ■ 

nrostate m ,.?”the nroohite tlie perltone.-il caj-ity I'l e ' ■ 

?Jrfuni. (S) arouml the rccto-iermohl. The per t ■■ ■ ■ 

in front ana arouni t,,e rectum and ■ ; 

rectum is i"‘='f,Vnoa“'plo«d °ver the rcct^^ ■ ■ . ■ 

A sterile gloNG 


and 
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A sterile glove (Fig. 4) is placed over the anal and rectal portion 
and tied securely, high up, with a strong ligatni-e around the bowel 
(Pig. 5). Then this portion of the bowel covered with glove is puslied 
into the peritoneal cavity. The peritoneum, beginning at the bladder, 
is sutured with a size 0 chromic catgut doubled on a round muscle 



tom lf cF*.''' covcreil with i\ sterile clove i.s now puslicd Into the tierl- 

n cominor,,,!.' ,^"Uiro of the iiorltonetitn. bechinlnc ne.^r the blnddcr, i.s betnin with 
KHius n i .•>'■0 wrapped on a piece of 

tiaiixo is Ul"- ' In the uhdonien. IR) A l.arc rubber-covered pack of iodofom 
nlth Interramei .',’'‘^'.''‘”‘“^',4' cavity and the perineal wound closwl about^ 
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needle. The peritoneum is brought together for a short distance and 
then the needle and sntnre is Avrapped securely around a piece of gauze 
and pu.slied into the abdominal eaA'ity. Hemostasis lias been controlled 
as the operation proceeded. The holloAV of the sacrum and perineal 
space from Avhich the rectum has been removed is filled with a large 
pack of iodoform gauze wrapped Anth rubber tissue or cellophane. In- 
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terrupted stitclies close tlie perineal wound, leaving the drain protruding 
through the center of the wound. Tlie perineal part of the operation is 
finished. Dressings are applied. The patient is then placed straight 
upon the table in the Trendelenburg position and prepared for laparot- 
omy. 

After a change of gowns, gloves, and operative tray, a midline in- 
cision is made, the small intestines packed out of the way, and a Balfour 



111)* Is (O.ont till- colon In the middle or d.o 

I'l. iirio C'ru-hlnfT chviiiin) nre nDpIlcd and iho „ 

nutrlc C.nit<.r.v; jiroxlnml chini|) loft on. (/.') MIdllne colo.'.toniy. " ' ' with 
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needle. The peritoneum is brought togetlier for a short distance and 
then tlie needle and suture is wrapped securely around a piece of gauze 
and pushed into the abdominal cavity. Hemostasis has been contiolled 
as the operation proceeded. The hollow of tlie sacrum and perineal 
space from which the rectum lias been removed is filled with a large 
pack of iodoform gauze wrapped rvilh rubber tissue or cellophane. In- 
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soiling is not present and has not liappened in our experience in a single 
ease. 

3. If gastric suction is used postoperatively until peristalsis is restored 
(three to four days), the danger of annoi'ance from ileus is complete]}' 
eliminated. Also, the gaseous distention ivhieh ordinarily may occur 
and endanger the abdominal wound and the sutured pelvic peritoneal 
floor is prevented. Routine gastric suction has eliminated completely 
the above complications. 

ADVANTAGES OP THE OPERATION OVER THE ABDOMINOPERINEAE PROCEDURE 

1. It is technically much easier and more rapid of performance. The 
operation is largely completed before the abdomen is opened. This 
naturally means a short time in the abdomen with little handling of the 
intestines, which naturally results in less shock and a more rapid re- 
cover}-. 

2. The chances for infection are greatly I'educed because the bowel is 
not opened until the operation is completed. We have not seen evidence 
of peritonitis or infection in the wounds of any patient. 

3. The .surgeon who is not doing a great many resections of the rectum 
will become more expert with the knowledge gained by a repetition of 
the same procedure. It is true that the surgeon should have at his 
command and be able to perform any of the procedures which are 
usually considered nccessan- for operations for cancer of the rectum,, 
but we should remember that the oi)eration will be done b.v many gen- 
eral surgeons who do not have the advantage of a long and extensive 
e.xperience with rectal excision. 



700 


SURGKRY 


abdominal retractor inserted. The glove-covered rectum is now recov- 
ered and brought out of the abdomen (Fig. 6, A) . Tlie complete libera- 
tion of tlie rectum and sigmoid is completed well on to the sigmoid flex- 
ure, 'with ligation of the superior hemorrhoidal vessels. Then the pre- 
viously started suturing of tlie peritoneum is completed. In ivomen the 
uterus (Fig. Q, B) is sutured back over the peritoneal suture line. Since 
the accident previously mentioned, in whicli a loop of bowel herniated 
through this suture line, this precaution has been taken and we think 
it is ■worth ■while. 

The colostomj^ may be made in the left side through a muscle-splitting 
incision, or it may be left in the center of the midline incision as ad- 
vocated by Jones and others. At the present time we are inclined to 
believe that the midline colostomy is less likely to result in hernia. The 
colon is jilaced in the projier position for the permanent colostomy, and 
the abdominal incision is closed about it (Fig. 7, A). When the wound 
closure is completed, the bowel is doubly clamped distal to tlie skin 
and burned across with the electric eauteiy. Thus the bowel has not 
been entered at any time until the operation is completed, and then out- 
side of the abdomen. Should a colostomy of the left side be desired, one 
clamp may be passed through the wound on the left side, and after care- 
ful protection with moist gauze the boivel is burned across and the 
clamp on the proximal end brought out through tlie side wound. The 
midline colostom 3 " procedure naturall.v is less hazardous from the stand- 
point of infection. The clamp which is on the colon may be left on for 
thirtj'-six to forty-eight hours if the intestine is kept free of gas by 
gastric suction. 

We are convinced that the operation is as complete as the Miles pro- 
cedure. 

CRITICISMS OF THE OPERATION 

1. An opportunity is not afforded for examination of the liver and 
tymph glands for metasta.sis before operation is completed. 

2. The cleansing of the colon before operation is difficult ivitliout a 
previous colostom.y. 

3 Troublesome ileus ma.v occur following the operation beeauso the 
colostomy has not developed proper function with a previous colostomy 
before the removal of a large amount of bowel. 


UEFEXSE OF CKITICISJf.S 

1 In answer to tlie fir.sf of these ci-ilicisms it should be said tliat 
r • metastasis is not contraindicated to resection of the rectum since 
liver ‘ longer and be more comfortable after resection, even 

ttlormVmetastasis has Occurred in the liver. ... 

° rfeetlv dry and empty bowel is an advantage but with tins 
2. The per ^ ojicncd until the operation is finislicd and 

procedure m clanger of accidenfall.v opening the bowel and 
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surgery. The diagnostic aspects of the condition are not emphasized, 
lluch has been written about this aspect and on the prognosis, and an 
excellent article with a careful analysis of these points has recently 
been published by Rogers and Faxon.^ 

The 149 patients constitute a cross section of the population of the 
metropolitan area. They ranged in age from 5 months to 76 years, 
and M’ere distributed throughout the decades as indicated in Table I. 


TAur.E I 


DEC.VDE 

XU.MBER OF CASES 

DEATHS 

1 

23 

1 

2 

22 

1 


33 

1 

4 

23 

1 

5 

19 

1 

G 

10 

1 

7 

10 

1 

s 

3 

0 


There were seven deaths in the series, a postoperative mortalitj’- of 
4.7 per cent. The causes of death were varied. Two- patients died of 
generalized peritonitis; in one the peritonitis was present at the time 
of operation, in addition to tlie absce.ss, in the other there was probably 
a postoperative spread of tlie infection. Two patients died of massive 
pulmonary embolus seven and eight days, respectively, after operation. 
Two others developed mechanical intestinal obstruction and died, both 
after having had jcjunostomies as secondary operations. There was 
one death from bronchopneumonia. 

An analysis of these seven fatalities yields the inipre.ssion that two 
might have been avoided had different treatment been carried out. 
In one of the two cases of generalized peritonitis the patient was sub- 
.iected to appendectomy, despite the fact that the position and condi- 
tion of the appendix made its remt»val difficult and time-consuming, 
and undoubtedly resulted in si)read of the infection. It would prob- 
ably have been wiser had the surgeon been content with simple drain- 
age of the absce.ss. The patient with pneumonia probably would have 
had a belter chance of survival had the sulfonamide drugs been avail- 
able at the time. 


It is the general policy in this clinic to .subject the patient to opera- 
tion as soon ns the diagnosis of appendical al)secss is made. Thu.s. the 
great majority of patients in this series were operated upon within 
six hours of their admission. 


If the ai)i)oudical abscess was comi)Iicated by other coexistent con- 
<lit ions such as .liabetes. cardiac di.sca.se. or fluid imbalanee, operation 
uas delayed sunieiently long to allow such conditions to be controlled 
in a feu- eases in wbieh the diagnosis was obscure, several davs elapsed 
vhde diagno.stie studies were carried out. 





APPENDICAL ABSCESS 
Arthur I. Chexoweth, M.D., New York, N. Y. 

(From the Department of Surgery of the Few York Sospital and 
Cornell University Medical College) 

TT IS genei'ally recognized that, conditions being faA'orable, the best 
1 form of operative treatment for appendical abscess is appendectomy 
with drainage. It is likewise Avell knovoi that at times circumstances 
make removal of the appendix inadvisable if not impossible, and in 
such cases simple drainage of the abscess is employed. The decision 
as to whether to remove the appe 2 idix or to be content with simple 
drainage of the abscess must be left to the judgment of the individual 
surgeon. In this decision he is guided by the general condition of the 
patient before and during operation and by the relative ease with 
which the appendectomy' may be accomplished. An additional factor 
of much importance is the subsequent course of the patient as influ- 
enced by' the ty'pe of procedure performed. It is in an attempt to 
clarify' this ultimate prognosis that the present study' is undertaken. 

A review has been made of all cases of appendical abscess tJ'cated 
at the New York Hospital over the period of ten years, from 1932 to 
1942. The cases have been selected on the basis of the condition found 
at operation. The criteria on w'hich the diagnosis was based were the 
following: (a) a localized suppiu'ative process was found, (b) a posi- 
tive culture was obtained from the pus, and (c) a perforated appendix 
was identified as the origin of the peritoneal infection. In a few cases 
the appendix itself could not be seen or felt, but in these there was 
sufficient evidence, on the basis of the location of the abscess and the 
subsequent course of the patient, to point to the appendix as the offend- 


ing organ. 

According to these criteria no cases were included in the series which 
had eai'ly' perforation without evidence of a walling-off process, no 
case of generalized peritonitis, or of acute gangrenous appendicitis 
with cloudy' peritoneal fluid, culture of which y'iclded no bactei-ial 
o-rowth. It is felt that the pathologic condition found at operation 
provides a more reliable basis for the diagnosis of appendical abscess 
than do the preoperative findings alone. In this series of cases, for 
instance there are many patients in wliom there was no palpable mass 
either at the time of the initial examination or after induction of 


anesthesia. 

As iud^ed by these standai-d.s, 149 eases were scleetod out of a total 

f about'^SflOo’ appendectomies. They wore sUulicd chiefly from the 

^ i ’r riTiPTmtive treatment and immediate and late results of 
viewpoint ot opei.uni. 

-^v.cl for pubneation. MaV K. 
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mortality rate in the second group is likely to be misleading unless 
it is understood that, in general, the patients selected for simple drain- 
age were those who were in the poorest condition before operation. 

COJIPUCATIOXS 

Excluding the fatal complications described aboA'e, there Avere forty- 
five complications in thirt3^-nine patients. Tlie discrepancy of figures 
is due to the fact that six patients each had two complicating con- 
ditions, Grouped according to the tj'pe of operation there were thirtj^- 
one complications folloAving appendectomy and fourteen after simple 
drainage (see Table III). The larger number of fecal fistulas in the 
second group of eases would be expected, since in them no attempt was 
made to close the opening in the bowel. All except turn fistulas closed 
spontaneously before the patient was discharged from the hospital. 
One of these required closure after five months, at which time the 
appendix was removed ; the other persisted intermittentl.v for two j'ears 
after operation, at which time the patient died of p 3 'elonephritis. If 
the complication of focal fistula i.s excluded, the numbers of compli- 
cations are reduced to twenty-eight in the first group and six in the 
second. Thus, it becomes apparent tlmt the morbidit3' is strikingly less 
following incision and drainage than after appendectomy with drainage. 

TABI.E III 


POSTOI’EK ATI VE COJf rU CATIO.VS 


OPKnATUX l>KOCf:DURE 

COMPLICATION" APPENPECTOMY AVITH PRAINACE IXCISION^ 

AXD DR.UXAGB 

Pelvic abscess 

9 

0 

Pceal fistula 

3 

s 

Pulraonarj' infarct 

5 

0 

Bronchopneumonia 

(I 

0 

Intestinal olistruction 

1 

0 

Peritonitis 

o 

0 

Parotitis 

o 

0 

Empyema 

I 

0 

Kennl infarct 

1 

0 

U'ound .abscess 

1 

4 

1’3’cloncpiiritis 

a 

1 

.Taundice nitli fever* 

0 

1 

•Altrlb\iti\h]c to sulfanilamide. 


It is to be noted that postoperative (incisional) hernias are arbi- 
trarily omitted as postoin-rativc complications. Althougli, undoubtedlv 
hernias are tcelinieally caii.sed by the operative procedure, it is coii- 
-sidcred logical, from the praetiral .standpoint, to list them separately, 
«iiH‘e in no ease did they intluenee the early postoperative oour.sV. 
Ihere were 1wont3--two sueh hernias in this .seric.s. an incidence of 15 
per cent. The fact is of interest that of these only six foIloAved ap- 
pendeetomy with drainage, while .sixteen occurred after .simple incision 
!uid drainage. All hernias were at the site of the McBurney incision 
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The incision of choice was the McBurney (or gridiron) type and it 
was used in all eases save a few in which failure to arrive at a definite 
diagnosis before operation warranted exploration through a paramedian 
incision. 

General anesthesia (ether, nitrous oxide and ether, or cyclopropane) 
was used in the majority of eases, although spinal or local was used 
in a few. 

Once the abdomen AA'as opened, the tyjje of procedure was dictated 
by two factors: (1) relative ease with which the appendix could be 
removed, and (2) the general condition of the patient before and dur- 
ing operation. The procedure of choice was appendeetoinj' with drain- 
age. However, if it was judged that removal of the appendix would 
be difficult and would necessitate much manipulation and trauma with 
the danger of the spread of infection, the surgeon in most eases simply 
evacuated the pus and inserted drains. By the same token, if the con- 
dition of the patient was very poor, so that prolonged anesthesia and 
manipulation wmuld have been hazardous, simple drainage was per- 
formed. 

According to these indications appendectomy was carried out in 
eighty-nine patients (60 per cent) of the series and simple drainage in 
sixty (40 per cent). 

In the group of patients treated by appendectomy and drainage 
there were three deaths, a mortality rate of 3.4 per cent. One patient 
died of generalized peritonitis with paralytic ileus, one of mechanical 
obstruction due to volvulus of a loop of ileum without gangrene, and 
the third of massive pulmonary embolus (see Table II). 

Tabue II 


Postoperative Deaths 


HOSPITAIi 

NUMBER 

AGE IN 
YEARS 

DURA- 
TION OF 
SYMP- 
TOMS 
(DAYS) 

OPERATIVE PROCEDURE 

CAUSE OF nE.WU 

7CS05 

13 

3 

Appendectomy with dr.Tinage 

Mechanical obstruction 

258728 

30 

4 

Appendectomy ndth drainage 

Peritonitis and iicns 

2SS225 

63 

2 

-Appendectomy witli drainage 

Embolus 

P 71 0.5 

2 

10 

Incision and drainage 

Peritonitis and itciis 

80770 

52 

5 

Incision and drainage 

Meclianicnl obstruction 


32 

10 

Incision and drainage 

Pneumonia 

301476 

43 

10 

Incision and drainage 

Embolus 


Pour of the sixty patients treated by drainage alone died, a mor- 
tality rate of 6.6 per cent. The causes of death were strikingly parallel 
to those in the former group. Peritonitis, demonstrated at autopsy 
to have been present at the time of drainage of the abscess, meehanieai 
obstruction, and embolus again were the conditions leading to doatii. 
In addition, one patient died of pneumonia. The relatively highei 
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is impossible to jireclict, according to age, Mdiicli patients are likelj’' to 
develop recurrence. Electii’e appendeetomj’’ should, therefore, be per- 
formed in all patients whose condition does not contraindicate this 
procedure. 

It is not possible to establish an arbitrary limit of time within ndiieh 
elective appendectomy should be perfoiined. However, it is advisable 
to remoi’e the appendix as soon as possible after recovery from the 
original procedure. A tivo or three months’ interval is adequate time 
to allow for resolution of the inflammatory process in the peritoneal 
cavity. Therefore, the optimal time for elective appendectomy is three 
months after the incision and drainage. 

USE OF SULFA DRUGS 

Of the 149 eases in this series, 01113- 26 were treated by the oral or 
parenteral administration of the sulfonamides, sulfanilamide having 
been given to 11 and sulfadiazine to 15 patients. In this group there 
were two deaths, a mortalit3" rate of 7.7 per cent. The group obviously 
is too small to allow for fair evaluation of this adjunct of operative 
treatment. 

SUM5IARY 

1. A series of 149 consecutive cases of appendical abscess is reviewed. 

2. Of the total 149 eases, 60 per cent of the patients were subjected 
to appendeetom3^ with drainage, 40 per cent to incision and drainage 
alone. There was a general mortalit3^ of 4.7 per cent. 

3. Of the patients whose appendices were not removed either at the 
time of drainage of the abscess or at a secondary elective operation, ten, 
or 40 per cent, developed a recurrent abscess. 

4. The number of patients given sulfonamide drugs is too small to 
allow a fair evaluation of their effect. 
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SUBSEQUENT COURSE OF PATIENTS SUB.TECTEB TO INCISION AND 
DR.UNAGE WITHOUT APPENDECTOMY 

A Study of the subsequent course of the patients in whom the ap- 
pendix M-as not removed at the time the abscess was drained is of 
interest. 

Tivent}--eight of the patients were subjected to elective ap])ondec- 
tomy at intervals varying from two months to four years after tlie 
oiiginal operation. There wex'e no deaths in this group. 

Ten patients were readmitted with a reenrrenee of acute appendicitis 
at the time intervals following the primary procedure shown in Tnlde 
n'. All of these, save one ivlio had simple acute appendicitis, were 
found to have iierforation and recurrent abscess requiring operation. 
Two of the patients had two recurrent abscesses. Again there were 
no deaths. 

T.\di.k IV 


Reccrre.vce After Si.vrrE Hr.o.v.we 


AGE3XTE.\RS 

IKTEnVAL ArXEU OKIC.TXM, 
OPEKATION' 

coxniTioN' torx!) at sf 
orrnATioK 

12 

1 1 mo. and 1 tno. 

.Vpi'cndical nli'c'.’-s 

or 

4 mo. 

.Ippendii-a! nbvT-s 

35 

0 mo. 

.Vppi'niU(’!il al'-r.’ss 

22 

0 mo. 

.Vj.pcndical aliscc'-s 

G3 

7 mo. 

.Vpi'Oiidm.'il alisn'ss 

35 

7 mo. 

Api'Cmlu'ul 

50 

3 1 mo. 

.Ippendii'a) al.si’C's 

36 

11 mo. 

Acute appendiciti- 

0 

IS mo. 

.\pponilicaI ali'CC's 

4 

G.s-t. 

.Ippcmlical niuci's. 


A third group of patients, fifteen in miniher, linve not liad tlie a)p 
pendix removed at ojicration, either heeaiise the patient refu'-ed to 
enter for appendectomy or hcean.se appendectomy was tlionuht to be 
contraindicated by atre or assoeiafed comlition. 'J'iie time Iliat lias 
elapsed since incision and diminaBC varie.s among tlicsc fifleen jnifimts 
from eight xnnnfli.s fo .seven years-. Xozic of them lias had smnptonis 
suuuestive of aiipeiidicitis. One olbcr patient, wiio had n peisistenl 
fecal fistula, died of pycloneplfritis and diabetes fno \eats after im-t- 
sion and drainatre. Two j»afients Jiave been lost to tlie foii<in-i))> ebnn- 
Aecovdim: to these tinuiT-, tB<>n(y-fi\e patients vlio find siinple dt.un- 
a^c of an ajqwndical abscess and have m,t had deetue app( rub .■ti'ji)\ 
arc known to lie li^inu. of tins.- tm nf:.-/l\c. tm < in p- r o nt • 

5 nd reenmmcc of their disc ns- nqviiiinc op. tation timh r unf.uot.ibi. 

^circumstances uitli added l.a/nrds. 

It is of note that i» this vrouj* of I,.., p.-:io!.'!s ih, r, - om. 

„scs developed vithin tic Ibst >..u aft. r ia-isim, rrol 0 ,. on- 'ft, 

.1, 

l.cintr 25 "■ ' 
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stools. This triad was found in 39 or less than one-half of the 86 cases 
for which an adequate history was recorded. 

There was a manifestation of abdominal paizx in 73.3 per cent of the 
cases. Ladd and Gross describe the recurrent eolickj' abdominal pain 
as an almost universal complaint. The onset is usually sudden. The 
pain is of an intermittent and colicky nature, coming on in paroxysms 
every ten to thirty minutes and lasting only several seconds. Between 
the paroxysms the child maj’’ be content and apparently comfortable. 

Vomiting usually appears early and in many small infants was the 
first sign of illness. Vomiting was recorded in 89.5 per cent of the 
records and was noted in 21 cases when no manifestation of pain had 
been recognized. Gordon elicited this complaint in all infants and in 90 
per eent of children and adults with intussusception. 


THE AQE IMCIOENCE OF 

intussusception in childhood 

60 

61 

SO 


CASES 

A 

O 


fc 30 
o 

■ 

NUMBER 

O 


10 

7 

3 M 3 

LESS,) 1-2 2-3 ' 3 - 4 '4-5' 5-6' 6-7' 7-8 ' iZ' 15 
THAN 1)1 years 


Fig. 1. 


A historj’ of blood in the stool, hematochezia, was noted in only 70.9 
per eent of the cases. However, blood was noted on the examiner’s 
finger after rectal examination in 6 additional eases. Tlie history mav 
be one of gross liemon-hage or only of bright red staining on the diaper 
fi^add and Gross anticipate tlie pas.sage of bloody stools by about 85 per 
cent of the patients, but warn that this .sj-mptom may be absent if tlie 




lNTUSSn.S( :K]>TJ0N— XJxNKTy-TWO CASES IN 
JNFAXCY AND CJIILDIIOOD 


l'ii)\VAi{ii . Oiniis, !M.D., A.vi) W. Sirnvs, M.D., C/.n'clvxati, Ohio 

C/'rom the Vcimrtmvnt of Surtirnl of Ihr ColUric of Mrdirine of the University of 
Cinciniutti, the Cinelniwti General Hospital ami the Children ’.s Hospital, Cincinnati) 

A dU'ih intostinul iiitussuspcplion is one of llie most important sur^- 
ciil emerireneics in llie onriy years of life. An admirable discus- 
sion of the subject has been pivsenlcd by Jjadd and Gross in their recent 
text. Their remarkable inii)rovomenf in mortality for this frcciuently 
fatal disea.se slinuilates a review of additional cases from other clinics 
and hos[)ilals in an efl'ort to achieve a nnivcr.sal reduction in mortalit.v. 

The eases have been reviewed from two institutions which are affiliated 
with the Univei'sity of Cincinnati and arc snjiplied by the same rotating 
surgical house slaff, the Children’s IIo.spital of Cincinnati and the Cin- 
cinnati General Hospital. TIic records of the former include both pri- 
vate and ward j)atient.s under lb years of age. Those of the latter rep- 
resent only ward patients in the same age group. 

The review covei's a .sixteen-.vear period fi'om Jan. 1, 1927, to Dec. 31, 
1942. During this time 59 jiatients with 60 intussusceptions were oper- 
ated upon in the Children 's IIos])ifaI and 31 patients with 32 intussus- 
ceptions M'crc operated upon in the General Hospital, an average of 6 
eases per year for the two institutions. 


AGE, SEX, AND RACE IXCIDENCE 

Intussusception is primarily a disease of infants in the first year of 
life. Of the patients in this study, 62.5 per cent were between 2 and 11 
mouths of age. The peak of the age incidence was at 5 months. The 
youngest child was 1 month and 28 days of age, the oldest was 15 years. 
All but 2 were less than 8 years old. The age incidence b.y months and 
by years is essentially eomjiarable to that reported by others.®’ 

The sex incidence also is in accord with that found by other re- 
porters Sixty-two per cent of the patients wei’c boys and 

38 per cent were girls. 

At the Children’s Hospital all but 2 patients were wliite. At the Gen- 
eral Hospital there were 17 white and 15 Negro. 


SYSII’TOMATOLOGY 


often emphasized cardinal symptoms of intussusception are : in- 
i rmittent colicky abdominal pain, vomiting, and tlie passage of bloody 


^ved for publication, Mar 23. 
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shaped. Kahle wonders Blietlier tlie mass is typically sausage shaped 
or whether this is a convenient term which has passed down from one 
generation of physicians to the next. The mass may vary in size from 
that of a walnut to that of an orange, depending upon the age of the 
patient. The mass was described in all quadrants of the abdomen but 
was most frequently found in the right up])er quadrant. It was ob- 
served sometimes to become tense during a paroxysm of pain. 

Rectal examination was recorded in only 6S eases and a mass was felt 
in only 28, or 41.2 per cent, of these. However, the importance of rec- 
tal examination must be emphasized. In 16 cases a mass was felt by rec- 
tal examination when none could be felt by abdominal palpation. This 
is likely to he true particularly when the abdomen has become distended. 
Furthermore, as was already mentioned, blood may be found on rectal 
examination when there is no history of bloody stools. 

This series of cases is too small to evaluate the significance of fever. 
In 39 cases the x-eetal temperature on admission was less than 100° F. 
In 31 cases it was between 100 and 102° F. and in 14 cases it was more 
tlian 102° P. 

LADOR.VTORY STCDtES 

The white blood cell count on admission was less tlian 10,000 in 16 
cases, between 10,000 and 20,000 in 31 cases, and more than 20,000 in 8 
cases. Other laboratory studies were not recorded in sufficient number 
to warrant their discussion. 

ROE.XTGEXOLOGIC FIXDIXGS 

Roentgenologic studies were made in only 34 of tlie cases. In 29 of 
these only a simple film of tlie abdomen was made. Gas accumulation 
was described in 21 eases and 8 were reported as negative. Fluoroscopic 
examination with a barium enema was used in only 5 cases. Typical 
findings were reported and tlie diagnosis strengtliened In 4 cases. The 
fifth ease was a lesion of the ileo-ileal type in which the intussnseeptnm 
had not progre.ssed as far as the cecum. This patient presented such 
eliaraeteristic sj-mptoms and signs that operation was done in spite of 
the negative x-ray findings. 

TKEATMEXT PRIOR TO .WmSSION 

A history of home treatment by catharsis was obtained in IS eases 
and by enemas in 22 eases. However, a definite relation to mortality 
rate, as can be so well shonm in acute appendicitis was not demonstrable. 

COXSERV.VTIVE TKE.VTMEXT 

It lias been our opinion that every case of intussusception is a suro’ical 
emergency and the patient should be operated upon as soon as tlie diao-- 
nosis IS made. AYe liave iiad no experience with nonoperative methods 
01 reduction. However, one cannot iilind himself to the e.veollent re- 
sults obtained by Hipsley with preliminary injections of saline solution 
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St'ItCKKy 


I»-'iticnt is scon in llio /irsl twelve to fourteen Jiours of illness. Jn other 
reviews, iiomatochczia has lieon described in from 70 to 100 per cent of 
the ea.se.s.-’- ” 

1 he absence oi Jienialoeliczia is not nec'e.s.sarily a good prognostic sign, 
for of I!) patients without, blood in the stool, S died. ’ Of 67 with blood in 
the stool, only 17 died. 

Although the cla.ssieal triad of symptoms was reported in less than 
one-half of the enses, two of the three cardinal .sj'niptoms were noted in 
more than 00 per cent. 

'I'ho average duration of symptoms at the time of admission to the hos- 
pitid was 41.3 hours, at the time of ojieration 47.5 horn's. The average 
delay between admission and operation was thus 6.2 liours. The rela- 
tion of these factors to mortality will be disenssed later. 


THE FREQUENCY 

TOMS AND SIGNS 
CHILDREN WITH 

WITH WHICH CHARACTERISTIC SYMP- 
WERE OBSERVED IN 86 INFANTS AND 
INTUSSUSCEPTION. 

PAIN 



73.3 

VOMITING 



89.5 

HEMATOCHEZIA 



70.9 

abdominal 

MASS 



64.3 

rectal mass 


41.2 


SYMPTOM 0 

OR 

SION 

20 

40 60 80 lOOj 

INCIDENCE PER CENT 1 


Fis. 2. 


PHYSICAL FIKDISGS 

It is well known that intussusception is apt particularij' to occur in 
well-nourished, Jiealtli.v infants and childi-en. This was found to be true 
in the majority of instances. Eavly in the illness the child may not ap- 
pear to be very ill, especially if seen between the paroxysmal attacks. 
However, if intestinal obstruction remains present for many liours the 
child becomes obviously ill. 

Five patients not included in this report were admitted to the Cliil- 
dren’s Hospital in a moribund condition too sick for operation. All 
died in less than three hours after admission. Three of these patients 
bad bad symptoms for only twenty-four hours, one for three days, and 

one for seven days. 

The so-called cardinal finding on pli.vsical examination is a palpable 

j • rrnss This was recorded in only 64.3 per cant of the eases. 

uinti i 1 usually described as firm and frequently as sausage 


cases.- 


10, 12 
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mediately, but perforation during reduction is a grave and sometimes 
fatal technical error, even though it is recognized and repaired. 

Once reduced, the bowel may appear very dusky or angiy red due to 
edema and hemorrhage. A few moments spent in observation after the 
application of warm saline pads will give evidence of viability by im- 
provement in color and return of peristalsis. 

The following operative procedures were used in the patients studied. 
Reduction was accomplished and was all that was done in 25 cases with 
a mortality rate of 40.0 per cent. In 16 other cases, in addition to re- 
duction, some attempt was made to fix the bowel and prevent recur- 
rence. This was done either by suturing the ileum to the cecum, or by 
suturing the ileum, cecum, or ascending colon to the parietal peritoneum. 
The mortality in this group was 25.0 per cent. In 32 cases appendec- 
tomy was done with an associated mortality of 3.1 per cent. Obviously, 
one cannot conclude that the mortality rate is lower with than without 
appendectomy. Appendectomy is more apt to be done when the lesion is 
mild or readily reduced and when the patient’s condition is not critical. 
In severe cases it is done only when the appendix exhibits definite ir- 
reversible impairment of blood supply. Reduction and Meckel’s di- 
verticulectomy were done in 2 eases with one death. One fatalit}^ fol- 
lowed closure of a perforation made during reduction. In one case a 
IjTnph node, thought to be the cause of the intussusception, was removed 
without complications. 

Resection and primary anastomosis was done in 7 cases with a mor- 
tality of 42.9 per cent. Five of these patients had end-to-end anastomo- 
sis, one had a side-to-side anastomosis, and in the other ease the t 3 ’-pe of 
anastomosis was not specified. The ages of the patients who survived 
were 10, 10, 31, and 39 months. Those who died were 7, 30, and 33 
months of age. 

Resection was accomplished b.v a Mickulicz type of procedure or 
double enterostomy in 5 patients, the ages of which were 4, 5, 9, 16, and 
60 months. All of these patients died. 

In 2 patients, 5 months and 15 years of age, resection was done, the 
end of the distal bowel closed, and a proximal ileostomj’^ made. Both 
patients died. 


In one patient, 7% years of age, an ileosigmoidostomy was made 
around the irreducible mass by side-to-side anastomosis leavinn the mss'? 
in situ. This patient also died. 


Thus, there were 77 cases in which reduction was accomplished with- 
out major bowel resection, with 17 deaths, a mortality rate of 22.1 per 

wHiVio"i of i-esection was neeessarv 

of 71.5 per cent. In the latter group the re- 
- s iMth resection and primaiy anastomosis were better than with the 
establishment of an enterostomy. 



7.12 


SfjKfJIIlfV 


l)ei‘ rectum ju-ior to operiition. Oortaiiily, to apply gentle pre.ssure on 
the ajK'x of the iiilii.s,sii.scp{)fiuii from u'illiin the howel is a rational 
method oi nltemjjtiiig reduction. The chief ohjcction to hydrostatic re- 
duction is that the operator is uncertain wlicihcr or not reduction has 
been accomj)lished. Aflor many years of e.vpci'ioncc Tfipsley has found 
certain signs of reduction fairly accurate.' However, if there is any 
doubt, reduction is verified by oi)eration, frequently through a JIcBur- 
ney incision. If reduction is not accompli.shcd easily the hydrostatic 
method is abandoned and oi)eration undertaken. 

Jfost .surgeons, particularly in the I.biitcd States, condemn any method 
ot reduction other than oficrativc. Jone.s adopts a more liberal attitude 
and concedes that one should not disreg.nrd the value of an attempt at 
reduction with hydro.statie pressure, especially in early cases, hut warns 
that this method may he un wf.se when the condition has been present for 
twenty-four hours. 

i’iu;oi‘F.n.\Tivi-: trk,\tme.\'t 

If the eliild is dehydrated, toxic or acidotic, fluid and electrolyte 
halajiee are restored i'at)idly by the aclminislration of intvaveooiis orsuh- 
culaneous fluids. These and blood or plasma transfusions may be con- 
finuccl during operation if flic child’s condition warrants. Atropine or 
scopolamine is given by bypodcrniic injection in proper preanesthetic 
dosage. 

AXESTHJviSIA 

Open droi) etlier is preferred to lociil ancstliesia unless it is speeifieali}' 
contraindicated. Not only does local anesthesia afford poorer relaxation 
and greater technical diffieulty but it also renders the operation more 
shoelring to these frequenth- tiny patients. Etbei- anesthesia is also pre- 
ferred by Ladd and Gross, Mayo and Woodnitf, W.yatt, and Miller and 
Workman. All but 7 patients in this series were operated upon under 
etlier anesthesia. 

OPERATIVE TREATMENT 

All of the patients in this review were operated upon. A right rectus 
incision was used in SO eases. A left rectus, a midline, and a McBurney 
incision were used in 3 cases. In 3 eases tlie type of incision was not 
recorded. Ladd and Gross have found the most diffieiilt part of the 
operative procedure to be generally in the reduction of the last portion 
of the lesion in the region of the cecum. Hence, an incision which af- 
fords a good exposure of this area is preferable to one made over the 

Aiction of the intussusception is performed by gentle pressure 
I .A ilniiff the intnssuseipiens attempting to squeeze out the intns- 
hackwara should he used only witli great care. Small tears 

suseeptuin. * rm-ticularlv serious and should be repaired im- 

jn the serosa are nor p< 
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the General Hospital with 2 deaths, a mortality of 14.3 per cent. Tiie 
combined mortality for both institutions during this period was 8.3 per 



Fig. 3. 


Similar improvement in recent years has been obtained by others, 
Gordon reported 16 consecutive eases with a 6.25 per cent mortality. 
Ladd and Gross reported a mortality of 14.0 per cent in 90 cases and in 
their text report 12 consecutive eases without a death. 


FACTORS AI^FECTINC. MORTALITY RATE 


Tlic three most important factors in the lower mortality figures for 
the last five-year period are probably: (1) earlier hospitalization and 
fewer eases of delayed operation, (2) fewer bowel resections, and (3) 
improved pre- and postoperative care. 


This report again indicates the dangers of delayed operation for intus 
suseeption. Only 19 per cent of the patients in the last five-year perioc 
had allowed .symptoms to progress for more than 48 hours before coming 
to operation, while 44 per cent of those seen in earlier years were onew 
ated upon after the second day of illness. Not only was the avera"c 
duration of symptoms on admission less in the recent group {35.S hour, 
as compared with 45.3 hours for the earlier eases) but there was also 
7 Timurs) operation (3.9 hours as compared Jth 
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snu;i:iiY 


^losl jcpoitci.s arc ajirccd liial howcl rcKcction slionlcl never be done 
nil css a isolutclj necessary. 'I'lie niorfalit.v of resection in infants is es- 
Innaloa af. from 70 to 1()0 jicr cent.^' ”• » However, what type of re- 
scclion should iic clone wiien if is necessary is still unsefllcd and our fig- 
ures arc too small to shed imich light on the discussion. Ladd and Gross 
Jonnd that the jiroportion of successful resections, even in a collective 
ie\iew of the literature, is inade(|uate to determine whether primary 
anastomosis or double entero.stom.v is the jii'oecdiire of choice. They 
found that the Kueee.sstul rc.sections were treated, in the majoritv of in- 
stances, by priinar.v anastomosis of the intestine but their own records 
tend to .show that the ^Mikulicz jn-ocedure gives a little better chance of 
reeover.v. 

In our opinion, the ])roeedure to be used must he chosen for the in- 
dividual ease. The operator must make every effort to reduce the lesion, 
even tliough it may require onc-half hour, rather than to resort to un- 
necessary resection. On the other hand, valuable time must not he 
wasted in attempting to rcdiiee an irreducible or gangi’cnons lesion. If 
resection is noces.sary and the patient’s condition will permit, primary 
anastomosis is preferred. On the other hand, the Milailicz procedure 
can bo more rapidly executed and its use, when the patient’s condition 
i.s critical, ma.v mean the difference between a live child with an enter- 
ostomy and a dead one with an anastomosis. However, infants and 
young children do not tolerate well the subsequent loss of suecus enter- 
icus and everv effort must be made to maintain fluid, protein, and 
electrolyte balance. Restoration of bowel continuity should be estab- 
lished as soon as feasible. 

AVoodhall rejjorted two successful resections in which he made a lateral 
anastomosis around the lesion at the same time he did the Miludicz pro- 
cedure. In this manner contimiiri" of the bowel was re-established im- 
mediateIJ^ We have had no e.xpericnce with this procedure. 


JIORTAUTY RATE 


At the Childi’en’s Hospital GO operations were followed b.y 18 deaths, 
a mortalit 3 ' of 30.0 per cent. At the General Hospital 32 operations 
were associated with 10 deaths, a mortality of 31.3 per cent. The average 
mortalitj' for the entire series from both institutions for the sixteen-year 


period was 30.4 per cent. 

Kahle reports a mortality rate of 52.5 per cent in infants and chil- 
dren Ma.vo and Woodruff reported a mortality of 23.6 per cent, Gordon 
f 22 7 per cent, Wakely and Atkinson of 10.0 per cent. Grig.sby and 
K plan of 22.0 per cent, Hipslcy of 4.9 per cent, and Ladd and Gross 


of 31.2 per cent. _ 

1ms been a conspicuous improvement in mortality among the 
^ u .Jn reverted during the last five yeans. Since 1937, 22 pa- 
cases hei operated upon at the Children’s Hospital with one 

tients have i ^4 have been operated upon at 

death, a mortality ot P 
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COMPLICATIONS 

Twenty-three of the 28 deaths occurred during the first twenty-four 
postoperative hours and we have come to believe that if a patient sur- 
vives the first twenty-four hours after operation he is apt to recover. 
These early deaths are generalh^ attributed to shock and toxemia. 

Complications included 14 cases of diarrhea, 8 upper respiratory in- 
fections, 8 cases of otitis media, 5 cases of pneumonia, 3 wound infec- 
tions, 3 eviscerations, 2 cases of pulmonary edema, 2 cases of postopera- 
tive obstruction requiring operative release of adhesions, 2 cases of acute 
bronchitis, and 1 each of insulin shock, eliieken pox, scarlet fever, 
intraenteric hemorrhage, atelectasis, fecal fistula, and intestinal obstruc- 
tion of unknown cause thought to be the result of a recurrence with sub- 
sequent spontaneous resection. 

Recurrence of the lesion was confirmed in 3 eases. Two of these 
patients were operated upon a second time, ten months and one year, 
respeetivelj', after their first operation. A third patient died 5 houi’s 
after operation and was found to have a recurrent ileo-colic lesion which 
had extended around to the splenic flexure after being reduced from the 
sigmoid area at operation. This is believed to be the earliest recurrence 
to be reported. 

Table III 


The Types of Lesion Encountered in 92 Cases of Intussusception and Theie 
Relative Mortality Rates 


type op intussusception 

NO. OF CASES 

DEATHS 

PER CENT MORTALITY 

Ueo-Ueal 

8 

5 

62.5 

Heo-ileo-colic 

9 

•i 

44 4 

HeO'Colic 

GT 

17 

25.4 

Colo-colic 

8 

2 

25.0 

Total 

92 

28 

30.4 


CONCLUSIONS 


1. Ninety-two eases of intussusception witli the patients operated 
upon in infancy and eliildhood have been reviewed from the Children's 
Hospital of Cincinnati and the Cincinnati General Hospital. 

2. The classical symptom complex was described in less than one-half 
of the cases. 


3. Of every 10 cases, pain was described in 7, vomiting in 9, and 
hematochezia in 7. At least two of these sj-mptoms were noted in nearlv 
all of the cases. 


4. Of every 10 cases, a palpable abdominal mass was described in fi 
and a rectal mass in 4. 


5. The methods of treatment are described and the 
methods compared. 

6. Factors whicli have effected a recent reduction in 
discussed. 


results of different 
mortality rate are 
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COMPLICATIONS 

Twenty-three of the 2S deaths occurred during the first twent 3 --four 
postoperative hours and we have come to believe that if a patient sur- 
ifives the first twenty-four hours after operation he is apt to recover. 
These earty deaths are generallj' atti’ibuted to shock and toxemia. 

Complications included 14 cases of diaiT'hea. S upper resprratorj' in- 
fections, 8 eases of otitis media, 5 cases of pneumonia, 3 wound infec- 
tions, 3 eviscerations, 2 eases of pulmonarv edema, 2 cases of postopera- 
tive obstruction requiring operative release of adhesions, 2 cases of acute 
hronchitis, and 1 each of insulin shock, chicken pox, scarlet fever, 
intraenteric hemorrhage, atelectasis, fecal fistula, and intestinal obstruc- 
tion of unknown cause thought to be the result of a recurrence with sub- 
sequent spontaneous resection. 

Eecurrence of the lesion was confirmed in 3 cases. Two of these 
patients w'cre operated upon a second time, ten months and one j'ear, 
respectively, after their first operation. A third patient died 5 hours 
after operation and was found to have a recurrent ileo-colie lesion which 
had extended around to the splenic flexure after being reduced from the 
sigmoid area at operation. This is believed to be tlie earliest I’ecurrence 
to be reported. 

Table III 


The Types of Lesion Encountered in 92 Cases of Intussusception and Theip. 
Beiative Mop.tauty Bates 


type of intussusception 

NO. OF CASES 

DEATHS 

PER CENT MORTALiry 

Ueo-ileal 

s 

0 

62.5 

Heo-ileo-co^^ 

9 

i 

41.4 

Ileo-colie 

67 

17 

25.4 

Colo'colic 

S 

2 

25.0 

~~ TotaT 

92 

28 

30.4 


CONCLUSIONS 


1. Ninety-two cases of intussusception with the patients operated 
upon in infancj' and childhood have been reviewed from the Children ’s 
Hospital of Cincinnati and the Cincinnati General Hospital. 

2. The classical sjTuptom complex was described in less than one-half 
of the cases. 


3. Of eveiy 10 cases, pain was described in 7, vomiting in 9, and 
lematochezia in 7. At least two of these symptoms were noted in nearty 
•*11 of the cases. 


4. Of every 10 cases, a palpable abdominal mass was described in 6 
and a rectal mass in 4. 


5. The methods of treatment are described and the results of different 
nietliods compared. 

6. Factors which have effected a I’eeeut reduction in mortality rate are 
o'seussed. 


(. A lowc'i' iiioriiilih' M-ill be oljlaified only when the pediatricians are 
eonslantly on llic alcrl for eases of intiissiiseej)) ion, by prompt hospitali- 
zation aiitl oj)eratioti, by careful and individual solcetion of tiio opera- 
tive t)roceduro, and by intellifrcnt cooperation between the pediatricians 
and snrfreons in the preoi)ei‘ativc and j)o.stoj)erative care. 
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MASTITIS OBLITERANS 


Robert L. Payne, M.D., Arnold P. Strauss, M.D., and 
R. D. Glasser, M.D., Norfolk, Va. 

(From the Surgical and Pathologic Departments of St. Vincent’s Sospital) 

TN RECENT years low-grade inflammatory lesions of the breast simu- 
A lating cancer clinically, and sometimes microscopieallj','’ 
have received much attention by pathologists and surgeons. In addi- 
tion to simple and subacute mastitis and traumatic fat tissue necrosis, 
there has been a picture called plasma cell mastitis discussed and 
described at length. However, there is a less known low-grade inflam- 
matoiy lesion of the breast wliieh is characterized by an obliterating 
process of the milk duets called mastitis obliterans, and this condition 
likewise simulates cancer in its clinical picture. 

In 1909, Alexandra Ingier'^ published the first description of this 
picture under the name of ‘ ‘ Blastitis Obliterans. ’ ’ She referred to pre- 
vious studies by Langhans,“ who as earlj' as 1873 had called attention 
to the obliteration of the milk passages in tissue associated with cancer 
of the breast. 

In 1905, Samelson-Kliwansky^® published an article entitled “A Con- 
tribution to the Knowledge of hlammary Cyst With Butterlike Con- 
tents.” The clinical data relating to his specimen were not reported. 
The cross section of the specimen showed a ‘‘firm, granular, whitish, 
semitranslueent tissue with numerous small openings from which, upon 
slight pressure, yellowish-green, partly calcified plugs came forth.” The 
hollow spaces in the specimen were ducts 1 to 2 cm. long and 0.25 to 1 
mm. in diameter. Microscopically, the butterlike material consisted of 
degenerated epithelium and its products. He reasoned that inflamma- 
tory connective tissue had led to the obliteration of the duets and had 
been followed by degeneration of the ei)ithelium which in some areas was 
in the stage of proliferation. Giant cells and cholesterol crystals were 
present in the millj passages, and these passages were surrounded bv 
numerous areas of lymphocytic foci. 

Ingier’s case was as follows. 


''“'1 "’“L nursing this 

n'rn'- "'^scess developed in the right Ijreest which was incised^ An- 

"iTi '‘ospiml, a nodular mass the 
exei. developed in the right hrea.st and wa.« e.vcised. The tissue 

n- : raj' The'^ur;’ r'T” 1 ^ 

rlie cut surtace showed yellowish white flei'ks and stripes, 1 to 

Received for publication. Jlay 28. 1943. 
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f^rudi'.nv 


m„. nn,} O.r, .n A jrlloH.M. «J,i(o srcrclion couM bo cxpre^^ed 

n.mi tlio tr-Mic. .Mlci.iw ,,||y, m:.ny of tlio .-loini slumod (boil Iiimina oblitcrafed 
1 K im mill, in, I iimiitiit mm offcn ()(••.( io_i oil, I/Mnpliooyies \iore present betHcen 
1 10 Jiinlilcinloi) 171)01011, n] oolN .-iml diftii-oly -o.-iOoro/! (lirntif;limit (be lobules. The 
opilbolmiM >-bi)UoiI ilocoMornOio oIiiiiiko*. .‘iiicb jm fiit (lropIo(s inilislinrt outline, and 
bntily siiiim..! nn.-toi. Tlion' uoro ninny iiinlliniilco.ated Riant cells. In addition to 
tbo ,11 ini boiiiR olo^oi], Oio Inniiiin of (lie bnRor ducts and their brandies acre 
0( ( .'isioinilly oblltointod, am) tlioir ualN appeared (o be formed by tbreo layers 
ns iidlou.s; .\ pofipberal later. biRlily in(i!(ra(cd tiiOi lyinplioeytcs, associated with 
an inoioasii of olasiie tlboi.s; a nioilial later eonsistiiiR of round spindle shaped 
pnlybedral and branelieil eolls anaiiRed radially tvifli relation to (be lumen; an 
lUteinal one eonsi'-diiR of epitbelial eells sJioiiinR marked dcgencratite and pro- 
lifeiatite elianRi"- ttliieb v.ere limited by tbo medial layer and often gbotved loss 
of tbe inembiana propiia. 


In 1010, IIopi'z'- di.tieiissofl a ea.se of inasfilis oblifcrans as follows. 


A ttoMiaa (.'! tears of aRo bad boine sixteen cbililicn and bad nursed ail of them 
fiom Iiei left brea.st. Iloi riRlit one bad not Riten siitlicient milk. One and one 
balf yi'ais after tbe birtb of ber last eliild, .she rceeitod a blow against the non- 
functioning right bieast. Tito ttccks later an acute mastitis ttas present, asso 
eiatcd Mitb ebilb. Tbe femiieialiire ime eleaicd up in a fett days, but the tender- 
ness, lodiic-s, mill siielliiiR iii'rsistcih The nipple iicenme retracted, and there dc- 
telo[ied a lump the si/e of a tl't ttith indistinef houmlaries but not fixed to the 
shill. One moutli bitei juiit of the large mass had disappcaicd, but there remained 
a difl'use Jiardeniiip m tbe loner, iiinei fjimdrant ttith some attachment to the skin. 
SSIie uiidentent a ladical imisteefoiny becaimc cancel was suspected. The gross and 
iiiu'ioseoiut ex'uminutum of the ti'-siie reniored shoited the same changes as in 
lugiei ’s case but iii addition, lay fimguf-Iikc clusteis of fatty acid crystals sur- 
loiuulcd by fou’iRii body gtiiniilonms tteie piescnt. 


Vuving the follonitie- (no decades, mastitis obliterans seems to have 
been forgotten. In 1.923, Keynes,’'' in a publication on chronic inflamma- 
tor.v mastitis, clescrilied a ease of acute exacerbation of chronic mastitis 
during pregnancy and atti'ibnted tbe fibrosis of the dnets and the dis- 
appearance of their cpitliolium to the retention of milk. Illustrations 
in his publication coincide with those of mastitis obliterans. 


Ill 1933, Sehnltz--’ published a discussion of a case of mastitis oblit- 
erans with numerous photoinicrograms and desci'ibed in details the his- 
tologic picture hut did not stress the clinical data. He considered com- 
plete obstruction of the duets to he rare and emphasized the fact that 
the same process occurred rather commonly' in chronic mastitis. In 
considering the relationship of the clinical picture to malignancy, 
Schultz stated that maslitis obliterans could begin as an aente or sub- 
acute inflammation which became chronic; liowever, in some cases the 
acute and subacute stages were not a])parent and could only he developed 


throudi the history. 

One of IIS (R-D-G.) observed the following case of ma.stitis obliterans. 

... jjg occuned in a colored noman 57 ycais old. Her family bis- 
Jtastitis Ob i • . gjig jms tno living cbildicn and lias bad three mis- 

tory was not eon livsterectomy x'as performed because of tumoi.s in the uterus, 
carriages- In I®!'’' • 



PAYNE ET AL. : MASTITIS OBLITERANS 


721 


Itt 1930, she had a bilateial subtotal tUjioidectoniy petfoimed for to’iie adenoma 
On admission to f3t Vincent’s Hospital, hei chief complaint nas enlargement of 
the left breast iihich she had been obsenmg foi tuo iear« Duiing the tno iveehs 
prior to admission the bioast had become •lOmeiihat tender and she felt shooting pains 
through the area involied. Theie iias dyspnea on exertion, and standing for a 
long period of time produce 1 spelling of the aiihles There iias a slight tiemor 
of her hands Hei temperature langed fioni OS 6 to lOO" F. Blood piessuie nas 
ITd sjstolic and 9S diastolic. She thought die had lost approximateh ten pounds 
in weight during the pa«t tuo xe.irs Hei left brca«t i\as enlarged nith a firm 
infiltrated mass under the nipple and some induration of the skin The nipple 
reflex nas lost and in the axilla theie weie some enlarged hmph nodes winch were 
tender. Kadiologio examination rexealed no metasta'es to the lungs oi to the 
skeletal framework 

Laiotaiory Findings on Adtn‘f-sion — TJiine was positive for sugar, a trace of 
albuimii, and a few pus celB Aftei foui daxs on a diabetic diet (caibolndiate, 120; 
fat, SO, piotein, 60), the mine became negntne foi ■.tigai and the blood sugar was 
lOS mg The blood picture disclosed hemoglobin 78 pei cent, BBC 4,116,000, IV B C 
11,500, poljmorphonuclears So per tent, and iMiiphoextes 15 per cent The non 
protein nitrogen was 40 mg pei 100 cc of blood and «he bad a positue IVasxermann 

The diagnosis of n subacute mastitis was confirmel fiom a clinical laewpoint, 
yet the tumor mass gate a decided suspicion of c inoer At opoiation a simple 
mastectoni} was performed and rapid frozen «"ction showed no oiilenee of cancer 
The gross specimen showed an infiltiated haid tumor mn=s 7 cm in diametei and 
on section showed manx areas of degeneration with thick purulent secietion The 
gross examination of the specimen m the pathologic laboiatorx was breast, 21 bj 14 
by 3 cm in size, areola 6 cm in diameter There was xerx little, if anx, reti action 
of the nipple Under the nipple there was a haul mass with indistinct boundaries, 
which was adherent to the oxerlajing skin On cross section, there xxas no well defined 
tumor, throughout the entiie mammaij glaml and espcciallx thioughout the mass 
below the nipple, pressuic caused xellowish creamx material to ooze from numerous 
small openings The mammaix tissue was white in color and deculedlx nioie dense 
and firm in the subareolai legion xxith tin-, tissue lenction fading into the sur 
rounding fat Within the mass theie xveie xellonisli stripes and spots and the 
ducts appeared white but showed a xellow center 

Microscopic Examination —Blocks of tissue exammed fioni different areas of 
the ni.ass showed hniphocitie mfiltiatiou, espeeialh marked about the smaller 
and larger ducts Theie xias xerx little plasma cell infiltration The terminal 
ducts showed budlike prolifeiation and levealed hxpeiplasia and desquamation of 
their epithelial cells and occasioiiallx gi int cells were present The largei ducts 
presented granulation tissue in their walls The fibi oblasts were ladiallx arranged 
forming a thick ring including the lumen of the larger duets These liiniina were 
filled xxith partlj proliferated, degeneiated, and desquamated cells Bound cells 
leucoejtcs, and histiocxtes mfiltr.ated the epithelial l.axer .and the granulation tissue 
In the section from the penpheix of the bieast, theie were xxithm the fat tissue 
some Iciicocjtic infiltration and ab-ce«s form ition suuoundej b\ nianx pseudo 
xantliomacells intermingled with a tew foieign bo lx giant cells 

Diagnosis. Mastitis obliterans 


A second ease coming nmlei out obscixation is as follows 

A colored woman, aged 30 xeais h ,d atwaxs been m good hcilth .She had had 
iree pregnancies IS, 10 , .md •> xears piexiouslx, respcitixelx She had nursed each 
‘ from nine to twelxc months Theie was no historj of piexious breast trouble 
anj other tunc ifenstma! liistor> was nor.ml 
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SPnoj’HY 


our «coIcs bffoio coimufj miilor obwration, (lie irndonl noticed a lump in (lie 
iikK lironst about tlio m/o of a Iiukon nut. She hnd iieier pipuoiislj noficeil anj 
f niiK in fill'! breast. ]'oi s.opra] prior to observing the mass, she began ex 

jHiumnig some (billing puns m t||(> breisl. J'xamKmtion revelled a bard, irregular 
Ilia s la tiu upjiei lunm (jiiiKlraiil of (lie right breast about the size of a hen^s egg 
Mil mass Was attailusl (o (he sKin about one inch from the nipple but the breast 
itsplf was freolv movable with no deep aftndinient of the tumor mass A small 
niiiount of wbitisli jellovv, niilk.v looking fluid vv.as expressed on palpation from the 
nipple T emper.itiire was noinri], and the tV.ascef/iiann blood reports wore negative 
Maligiiaia v of the right breast was suspeeted and the breast vvas removed. 

J alliolooic I!f i> 0 ) I (Jfo 17,t<]2) — Clinit.il Piagnosis" ^falign iiic.v of right breast 
(rro'’<t Di v nption . A hard fibious in iss about the sire of a lien egg was found 
'J he mass was intiUiated with something resembling milk pockets 

(!ro<!i Tfinmmntton : The piece of breast tissue d bj 2 5 bv 2 cm consisted of 
fat and wliitisli glandular tissue vvliieli showed, upon cross section, n number of 
tine duets with jellowisb walls and small vellow gcogr.ipliical areas watlini the tissue 
Jfirroiropi'o Z’Totniun/ioii : The breast showed ducts lined bj granulation tissue, 
sometiriios eovered bv iriegulailv grown cpiflielial cells The graniil.ation tissue 
itself consisted of huge tibi oblasts wliiUi eoiifamed fat and showed light cjtoplasm of 
sliglifh foamy appear.ineo There was a fan amount of neutrophilic mfiltiafiou 
within the gr.inulation tissue which niirowed the lumen of the ducts The sur 
roiimlings showed marked Ivmplioevtic infiltration and occasional!} groups of 
plasma cells, but the lattei vvoie not the predominant feature 

The granulation tissue of flic dints toiifamcd giant cells in some places and 
the lumen of one duct showed dcsquaiiiated cells which were vesicular, clear, and 
contained fat Within the descpiauiafod epithelial cells could be found r.aybke bodies 
which consisted of faftv acid crvstals and the center of these occasional)} contained 
cellular defiitiis 

DlSCbSSIOX 


Mastitis obliteians as a pathologic entity is characterized bj' the two 
inseparable featuies expiesscd by its name Fust, a truly infiaramatory 
mastitis and second, an obliteiation of the millc passages The struc- 
tures involved are the acini, the ductal, peiidiictal, and interstitial tis- 


sues 


Infilti ativ e, proliferativ'e, and h}pei plastic changes are part of the 


pathology of the duets Obliteration of the ducts in itself is not char- 
acteristic of the disease and may be found in other noninflammatory 
or inflammatory diseases of the hi east The primary, senile atrophic 
occlusion of the milk passages is known,® although it is doubted 

by some airtliors In c.v stic diseases of the hi east “ pei itubular halos 
of the ducts were first deseiibed with drawings illustiatmg the ohliterat- 
inw ducts by von Saar®® They were obseived in association with ear- 
^•^oma especially scirrhous carcinoma®' and mesenchymal tumois®’ 
eviewing some of our breast cases, we find occasional obliteration not 
i™’n cysHc disease hut also in intiaduetal papilloma and eareinoma 
only in ■ tiie impiession that often the oblitciating piocess seems 

We haw g ^ mechanical obstiiiction by tiimoi or cyst An ev- 

to occur disease winch mav spread niliadnctly is tiibci- 
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culosis.^'* We have recently observed such a case in which the milk 
Xiassages were filled with siiecific granulation tissue. 

In obliterating mastitis the occlusion of the ducts is likeivise distinctly 
inflammatory, but the granulation tissue prevails in a radial arrange- 
ment while noninflammatory lesion.s show a concentric pattern. Pro- 
gi’cssive and degenerative changes of the epithelium take iiart in filling 
out the lumina. This is exemplified by a proliferation producing giant 
cells or groups of cells undergoing necrobiotic changes such as fatty de- 
generation and desquamation. Sometimes clusters of fatty acid crystals 
can be found which grossly resemble sulfur bodies. The liasal membrane 
of the duct is often destroyed by granulation tissue and this, coupled 
with the aforementioned changes, will frequently give a picture which 



1 — Shows a large duct nearlv obliterated by granulation tissue. There is 
desquamation of epithelial cells m the center of the duct. 

simulates tuberculosis or even carcinoma. Interstitial changes are often 
found associated with the ductal lesions Inflammation may produce 
neutrophilic, eosinopliilic, lymphocytic, and plasmacellular infiltration. 
Damage to the fatty tissue leads to necrosis and there v ill also be present 
lipophagic elements, sometimes referred to as pseudoxanthoma cells, for- 
eign body giant cells, and frequently fatty acid crystals. The great re- 
semblanee, clinically, of mastitis obliterans to carcinoma and lesions sim- 
ulating cancer must he strongly emphasized in the differential diagnosis. 

The recently described plasma cell mastitis deserves a more exfonsive 
discussion. Although the latter term was first used by Ewing,'*- ><> he has 
never claimed priority of authorship, which he attributes to Adair. 
Adair fir.st tmblished a series of eases’- = under the title of plasma cell 
mastitis and Ids reports were followed liy contributions from Jliller’s 
hiul Hodman and In^olby.*^ 



m;iu»kky 


J‘(mr wcolis bofoio comiii}; tinder f.baervation, tlie patient noticed a lump in the 
rtKht breast about ll.e size of a l.iekory nut. She had never previously noticed any- 
1 iiii'T in tins bretisf. Fo,- several daya prior to obscrvinf? the mass, she began ex- 
peril neing' some ilaiting |iains in the breast. Examination revealed a hard, irregular 
mass in the ti[,per inner rpiadrant of the right breast about the size of a hen's egg. 
1 111 inn.s.s Mas attached to the skin about one inch from the nipple but the breast 
it.“elf M.is freely movable M'itli no dee/i ntfaeliment of the tumor mass. A small 
amount of M'hiti.sli yellow, milky looking fluid was exprenfcii on palpation from the 
nipple, romiiorature miis normal, and the Wasserniann blood reports M'ere negative. 
Malignancy of the right breast tvas sns|icete(l and the breast muis removed. 

I’ltlhohtriic J'rporl (Xo. 17,912). — Clinical Diagnosis; M.alignancy of right breast. 

Gross Description ; A hard fibrous mass about the size of a hen egg tvas found 
'rile mass muis infiltrated M-itli sonietliing resembling milk pockets. 

Gross ^Examination : The piece of brea.st tissue 1 by 2.5 by 2 cm. consisted of 
fat and M'liitisb glandular tissue M'liicli showed, upon cross section, a number of 
fine duets M'ith yclloM’ish walls and small yclloM' geographical areas M'itliin the tissue. 

Microscopic Examination : The breast slioMed duets lined by granulation tissue, 
sometimes covered Ijy irregularly gromi epithelial cells. The granulation tissue 
itself consisted of large fibroblasts Mbich contained f.at and shoM'ed light cytoplasm of 
slightly foamy appearance. There M-as a fair amount of neutrophilic infiltration 
M'ithiu the gramdafion tissue udiieh narrowed the lumen of the ducts. The sur- 
roundings shoM'cd marked lymphocytic infiltration and occasionally groups of 
plasma cells, but the latter nero not the predominant feature. 

The granulation tissue of the ducts contained giant cells in some places and 
the lumen of one duct slioned desquamated cells which Mere vesicular, clear, and 
contained fat. M’itliin the desquamated epithelial ceils could be found raylike bodies 
which consisted of fatty acid crystals and the center of these occasionally contained 
cellular detritus. 


DISCUSSION 


Mastitis obliterans as a pathologic entit.v is eliaractei'ized b)’ the two 
inseparable features expi'essed by its name. First, a truly inflammatorj' 
mastitis and second, an obliteration of the milk passages. The struc- 
tures involved are the acini, the ductal, periductal, and interstitial tis- 


sues. 


Infiltrative, proliferative, and Iiyperplastic changes are part of the 
pathology of the ducts. Obliteration of the ducts in itself is not char- 
acteristic of the disease and maj' be found in other noninflammatory 
or inflammatory diseases of the breast. The primary, senile atrophic 
occlusion of the milk passages is knovvn,^- •*’ although it is doubted 
by some authors.-’ In C 3 'stic diseases of the breast “peritubular halos’’ 
of the ducts were first described with drawings illustrating the obliterat- 
• o- ducts by von Saar.^” They were observed in association ivith ear- 
ma especially scirrhous carcinoma”' => and mesenehj-mal tumors.”^ 
viCT’ino- some of our breast eases, we find occasional obliteration not 
. .gj'jg disease but also in intraductal papilloma and carcinoma, 
only Ml . impression that often the obliterating process seems 

We have ga ^ mechanical ohstmetion by tumor or e.vst. An e.x- 

to occur IS ‘ . disease wliich may spread intradnetly is tuber- 

ample of mflammaToi3 
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be mainly a repetition of the features of mastitis obliterans lierein de- 
scribed. The difference remaining between the two diseases is possibly 
a more pronounced occlusion of the ducts Ijy granulation tissue iji oblit- 
erating mastitis in contrast to a marked infiltration of plasma cells. 
This led Ewing, Adair, and Eodman to name the picture plasma cell 
mastitis. We would like to record the opinion here that plasma cells as 
a feature of the picture are not of sufficient importance to establish a 
new' entity of mastitis. So far as we know' they are not pathognomonic 
of any one lesion. Plasma cells are merely a cellular expression of the 



Fip 4 — Sho'RS a small duct under hiph power The epithelial tissue is m marked 
atjpical, with giant cells, and m \acuolar degeneration There is 
DUdding of the ducts The infiltration is lymphocytic with some plasma cells, and 
snows about the maA-inium of plasma cells found in any of the slides. 


chronicity of an inflammation. There are a great number of other cells 
present in the published photomicrograplis of plasma cell mastitis sucli 
as neutrophiles, eosinopliiles, lymphocytes, and pseudoxanthoma cells. 
Generally w'e classify inflammatory lesions in conformity with their 
etiology, localization, stage, and certain complex features but not accord- 
ing to the {iredominant types of cells found We recognize obliteratinn- 
inflammations, such as bronchitis and phlebitis, but to use the term 
plasma coll inflammation is definitely a generalization even though these 
cells may often predominate m certain lesions, such as are found in the 
Fallopian tubes or the nasal mucosa ftross caneer-simnlating features 
have led to the adoption of the name plasma cell mastitis to define both 
a clinical and patholoaie entity. These caneer-simnlating features do 
not depend on the predominance of the plasma cell. The marked pro- 
hferation of il.o i-sup, especially the suhepithelial connec- 

; caucerons appearance on clinical exam- 
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SUnOKRY 


If one eoni])ai'o.s Ihe dCKeriplion and photomicrographs o£ the two 
diseases, there will bo ol)served a very •’■rent similarity. Clinically, the 
gross symptoms and findings arc identical. Ewing’” state.s that in 
plasma cell mastitis “tlie main gross anatomical feature is the pre,sence 
of many greatly thickened duets,’’ but his microscopic description would 
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cancer. Pz’ineipall.v, these lesions are cystic disease of the breast, sub- 
acute and chronic mastitis, lactation mastitis, galactoeele, traumatic fat 
tissue necrosis, tuberculosis, actinomycosis, and syphilis of the breast. 
The features of these diseases have all been discussed in a number of 
excellent and recent publications.^’ '■ Obliterating mastitis sim- 
ulates cancer in many respects. Usually there is a lump generally lo- 
cated in the neighborhood of the areolar region. This mass is adherent 
to the skin and may be reddened as in inflammatorv carcinoma. Often 
the nipple is retracted. The axillai‘.i’ glands ma,i' be enlarged. On the 
other hand, if there is a history of previous inflammation, if the mass 
and lymph nodes are tender and painful, if the thickened duets can be 
felt in the mass, and especially if .vellmvish ci’camy matei'ial can be ex- 
pressed or sucked from the nipple, one should think of mastitis oblit- 
erans. 


SUMMARY 


Two eases of mastitis obliterans, a lesion simulating cancer, are de- 
scribed and its realtion to so-called plasma cell mastitis is discussed. 
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SriUiKKY 


iiinlion. T]io j)roliferalion of fhe snbc])if]ielial eonaective tissue, the 
o«fn,otK.u of tlie duris by the latter, and tlie irregular proliferation 
of the ductal opitliehiini are the most striking features. Plasma cells 
<110 noUiing but llie e.xpression of a chronic inflammation of long dnr<a- 
fion. JJiey are not pathognomonic of anything. Keccntly wc have ob- 
.served a nia.ssive jilasina cell exudation of the periductal tissue sur- 
lounding an old sinus tract of the breast, yet none of the cancer-sira- 
u]<iting features of .so-called iila.sma cell mastitis were present. These 



cancer-simulating featni'es are pi'oduced by the contraction of inflamma- 
tory granulation tissue and the irregular retraction mass consists of 
thickened duets and inflammatory cells of all types independent of the 
presence of more or less plasma cells. Thus we believe that the name, 
plasma cell mastitis, is superfluous and that the -well-known terms of 
subacute and chronic (inflammatory) mastitis are sufficient ndth their 
old subdivision according to the main localization, interstitial and ductal 
types. The microscopic picture of the ductal types may show a preva- 
lence of nentroplules, eosinophilcs, lymphocytes, and plasma cells with- 
out any recognized change in the clinical picture or in the gross speci- 
men. If the lesion reaches the stage of tortuous, thickened duets, easily 
recognized on cut surface, the old term of obliterating mastitis seems 
'ustified Although we deem tlie new name of plasma cell mastitis 
^ erfluous we think that Adair, Rodman, and otliers deserve mueli 
_ emphasizing the difficulties in distinguishing the lesion under 

d’ ussion from malignancy and other inflammatoi'y lesions. 

the standpoint of clinical differential diagnosis, obliforating 

I 1 no-s to the group of lesions which may be confased wifli 
mastitis belongs 
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cancel’. Principallj-, these lesions are cystic disease of the breast, sub- 
acute and chronic mastitis, lactation mastitis, galactocele, traumatic fat 
tissue necrosis, tuberculosis, actinomycosis, and syphilis of the breast. 
The features of these diseases have all been discussed in a number of 
excellent and recent publications.^’ Obliterating mastitis sim- 

ulates cancer in many respects. Usually there is a lump generally lo- 
cated in the neighborhood of the areolar region. This mass is adherent 
to the skin and may be reddened as in inflammatory carcinoma. Often 
the nipple is retracted. The axillary glands may be enlarged. On the 
other hand, if there is a history of previous inflammation, if the mass 
and lymph nodes are tender and painful, if the thickened duets can be 
felt in the mass, and especially if yellowish ci’eamy material can be ex- 
pressed or sucked from the nipple, one .should think of mastitis oblit- 
erans. 


SCMMARV 

Two eases of mastitis obliterans, a lesion simulating cancer, are de- 
scribed and its realtion to so-called plasma cell mastitis is discussed. 
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INTRAVENOUS AJBIONIUJI CHLORIDE IN THE 
TREATMENT OF ALKALOSIS 


II. A. ZiNTEL, JLD., J. E. Ruoaus, IM.D., axd I. S. Ravdin,® M.D. 
PniLADELPilU, Pa. 

(F}om Ihc nnrrisan Department of Surgical Jlcscarch, Schools of Medicine, Vniver- 
sity of Pennsylvania and Surgical Service B, Hospital of the 
University of Pennsylvania) . 


' I ' HE need foi' a more efLeelive parent eral method of correcting alkalo- 
* sis has arisen ■with increasing frequency during recent j^eam. Hart- 
man and Senn‘ pointed out the usefulness of an intravenous solution of 
sodium lactate for overcoming acidosis, but no parenteral preparation 
has been gencrallj' available for the correction of alkalosis. In a lim- 
ited number of eases, intravenous ammonium chloride has proved to be 
highly effective in combating alkalosis. 

Undoubtedly, the use of continuous suction drainage of the stomach, 
especially in the ])reoperative preparation of patients with pyloric ob- 
struction, has been rcsponsilde for most of the cases of severe alkalosis. 
The use of suction drainage in patients with pyloric obstruction, as 
advocated by Graham,- is a procedure whieli we believe has reduced the 
morbiditj' and mortality of o])erative procedures on the stomach and 
duodenum. Graham has recommended not only that the stomach be 
Mmshed out, but that it im kept clean and empty for a number of days be- 
fore operation. 

Patients ■with pyloric oljslruction, when they arc fii’st hospitalized, 
commonly have a considerable degree of alkalosis from vomiting alone, 
since the vomitus contains more anions (especiallj- chloride) than it does 
cations other than hydrogen. Suction drainage fiu'ther accentuates the 
alkalosis. Some of these patients lose enormous quantities of gasti’ic 
juice. The volume of gastric drainage may amount to over 6 liters per 
day. When such exaggei-ated losses occur, they tend to accelerate the 
development of alkalosis and increase its severity. 

For some years the medical profession followed the view advanced by 
Gamble and Ross^ that if the body was supplied with sufficient physi- 
ologic saline solution and if ketosis was prevented, the eleetroljde pat- 
tern of the plasma would be adjusted satisfactorily by the kidneys. It 
■ well knoum that infants and adults ill with, pneumonia are frequently 

11 to dispose of suiqjlus sodium.’* Similar limitations of sodium e.x- 
^”^tion were found to apply to certain postoperative patients by Jonc.s 

and Eaton.® 


■~ . Hiprlical Corps, V- S- Army. 
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Gambill and Sharpe,® in a discussion of alkalosis and gastric tetany, 
dismissed the use of ammonium chloride on the findings of CTamble and 
Boss.’ Gamble and Boss found that rabbits with complete pyloric ob- 
struction lost not only chlorides but also considerable amounts of base 
in the form of sodium. In their animals the total base as well as the 
chlorides was depleted. Their experiments showed that saline solution 
kept the animals alive while ammonium cliloride did not keep them alive 
although it did overcome the alkalosis. 

In the patient with excessive gastric drainage, replacement of the 
drainage fluid bj’- sodium chloride solutions in quantities calculated to 
keep the patient in positive water and electrolyte balance does not al- 
ways effectively combat alkalosis. The patients I'eported in this series 
all received fluid and sodium chloride in amounts calculated to restore 
their plasma electrolj'te patterns. In five of tlie instances tlie total 
serum base was determined bj^ chemical anab’sis. In the remaining 
eases the total base was approximated from the serum protein level, 
COj value, and serum cliloride level according to the method of Elkinton, 
Gilmore, and 'Wolff.' The total serum base in each of the reported 
eases was above the lower limits of the normal accepted range of total 
serum base. It is in this type of patient, namel.v, the patient ivith severe 
alkalosis, who has been treated with ample fluid and sodium chloride, 
that we believe the intravenous injection of ammonium chloride is at 
times justified. Alkalosis not onlj' may produce tetany and convulsions 
but it may produce serious renal damage, the alkalosis nephrosis de- 
scribed by NicoP and others. It, therefore, seems wise to overcome the 
alkalosis and to restore electrolyte balance of the blood as promptly as 
possible. Intravenous ammonium chloride is not only effective but it is 
also prompt in its action. 

Ammonium chloride has long been employed by the oral route to 
acidify the urine. It has been used to advantage occasionally by the 
same route to overcome alkalosis, but the oral route is not available in 
the group of patients in which the tendency to alkalosis is greatest, those 
who have p}doric obstruction. The rectal route in our expei-ienee proved 
to be of only limited value. Some reduction in serum CO, was obtained 
but the change was slow (Table I). 

The results of the intravenous administration of ammonium chloride 
twelve times in seven patients on surgical service B at tlie hospital of the 
University of Pennsylvania, are shown in Table I. In most instances 
the response was quite unifoi-m. The figures obtained indicate that 
for an adult of 150 pounds, 1 Gm. of intravenous ammonium chloride 
will reduce the serum CO. by an average of 1.1 volumes per cent. On 
the basis of this experience the dose may be calculated aceordin" to 
the instructions in Table II. These findings indicate a wide distribu- 
tion of the solute in bodj' water. 
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Table 1 


I’ATIKN’T 

PIACI.VOSI.S 

A-MT. OK 
XH,rl KOL. 

CO, 

von. % 

j VOL. % CO, 
j DECKEASE PER 



(V.U.) 

1 (%) 

ItKKOrtE 

ffssm 

' CM. XH.Clf 

J. M. 

I’erf. gastric ulcer 

■Ejn 


72 


1.3 

.T. E. M. 

I’crf. oa. of sigmoid 
ivitii peritonitis 

a 

a 


75 

62 

1.2 

A.n. 

Chronic peptic ulcer 
with steno.'iis, nvitnininosis 

750 

*500 

o 

o 

152 

112 

1.1 

A.n. 

Clironic peptic ulcer 
ivith .«fenosis, nvitaminosi.s 

700 

2 

113 

85 

0.9 

A.H. 

Chronic peptic ulcer 
ivitli stenosis, nvitnininosis 

250 

1.7 

70 


i 1.1 

A. H. j 

1 

Clironic peptic ulcer 
ivilh stenosis, nvitnminosis 

050 

2 

' Sj 

1 02 1 


H.D. 

'Chronic peptic ulcer 

1 with stenosis 

^ 1,000 

1 

2 

S7 

51 

1.2 

S. H. 

Berf. appendix 
with peritonitis 

1,000 

o 


05 

1.1 

T. B. 

Bleeding peptic ulcer, hy- 
poprotcincinin 

750 

O 

87 

75 

0.9 

T. B. 

Bleeding peptic ulcer, hy- 
poproteineniin 

500 

2 

■ 

B 


T.B. 

Bleeding peptic ulcer, hy- 
poproteineinia 

1,000 

o 

B 

B 

0.6 

^r. :m. 

Cn, of pancreas 

1.000 1 

2 1 

117 1 

so i 

2.5 


Avonigo 


‘These patients received part of tliis NHiCl by rectum. 

tTlieso fleures liave been calculated for a body weiglit of 150 pounds. 


Table II 


Dosage op Ammonium Ciilokipe 


TO REPUCE THE SKRITh CO, 

ALLO'W 

One volume per cent 

10 mg. per kilogram of body weiglit 
or 

7.3 mg. per pound of body weight 

One milliequivaleut 

30 mg. per kilogram of body weiglit 
or 

10 mg. per pound of bodj' weiglit 


Two per cent solutions of ammonium chloride were prepared by dis- 
solving 20 Gm. of ammonium chloride in a liter of water, 0.9 per cent 
sodium chloride solution, or 5 per cent dextrose solution. In most in- 
stances the solution was brought to boiling just before the ammonium 
chloride was added and then allowed to cool slowly. It was then used 
as soon as it had cooled sufKcientli . 

■\Ve have, however, given 2 per cent ammonium chloride with 0.9 per 
t sodium chloride without reaction after autoclaving at 15 pounds 
sure for twenty minutes. If 5 per cent glucose is present a marked 
V^^'uish color develops suggesting earamelization. Such solutions have 


not been used. 

, administration has varied with the exigencies 
The ra e < greater than 1000 c.c. in two hours, 

but usually It Avas no = 


of the ease 
It is pos- 
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sible that slower rates of administration and more dilute solutions will 
prove to be of advantage except when tetany has appeared. 

No serious reactions liave been encountered but three transient re- 
actions have occurred. Two of these patients complained of a sensation 
of lights flashing before their eyes and the third patient had a chill last- 
ing three minutes, with a rise of temperature to 102° F. It may be of 
interest that the two patients who exiierienced the scintillating scotoma 
received a solution of ammonium chloi'ide in distilled water with no 
other solute, whereas the patients who had no reactions received am- 
monium chloride in solutions of either sodium chloride or glucose. 


COXCLUSIOXS 

Severe alkalosis may result from continuous gastric suction, especially 
in patients with pyloric obstruction. 

Anmionium chloride solution was administered intravenously to seven 
patients with alkalosis without evident harm. 

It was effective in rapidly lowering the semm CO, at the rate of ap- 
proximately one volume per cent for each gram administered to adults 
of medium size and weight. 

Sufficient evidence has not accumulated to determine tlie safety of 
this method of administration, but it appears sufficiently safe to warrant 
its use in severe alkalosis that cannot be corrected by the administration 
of salt and fluids promptly enough to avert the danger of renal changes. 
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THE EOEE 01-^ SURGERY TJIE TREATMENT OP 
ilAUrGNANT SKIN TU^IORS 


]').\XKtA' P. SLAUOiiTi:R, M.D., Chicago, III. 

(From the IJipnrtmcni of Surgery, University of Illinois, College of Hedicine, 
Chicago, and the Fcscarch Ilospilal) 


C ancer of the skin is the most common malignant tnmor affecting 
the Jiuman body, and. in mo.sl of its manifestations, tlie most easily 
curable. TJie average early eaneer can be eradicated by an.v of several 
destructive methods, surgical excision, the selectively destructive roent- 
gen or gamma ray.s, elect rodesiecat ion, or by zinc chlorine or other pastes. 
Irradiation and surgery arc now the most fretjnently used, iriadiation 
being the more universally employed. Both surgical and radiation 
methods have special advantages in particular types of skin cancer, but 
neither is capable of being employed universally to the best adiantacC. 
The purpose of this communication is to attempt a definition o t le 
phases of skin cancer best suited to surgical treatment. It must be 
realized that there are many borderline situations in which indications 
for either surgery or radiation may overlap, and in such a situation t le 
therapist is justified in using cither method with which he is most a- 
iniliar and skillful. 

PROPHYLAXIS 


Prophylactic treatment of precaiicerous lesions is concerned mam } 
with the keratoses and dyskeratoses, and is principally a radiation pi o - 
lem These lesions occur, as a rule, late in life and are usuall.v oun 
on the face, neck, and backs of the hands. However, surgery is cleU- 
nitely the method of choice for the following two classes of lesions. 

Benign Nenronevus.— The common mole, or benign iieuronevus, udien 
in a location exposed to constant irritation, should be eoinpletelj' exciscU 
cnTO'ieallv. Probably all moles on the feet should be removed, as thej 
nre'^narticiilarlv prone to malignant transformation. Other dangerous 
locations are the belt line, the shouldei-s, the neck (where a collar may 
h the lesion), and the neck or face in males where shaving ma.i eaii. 

^ ^ sliMit trauma. It cannot be too strongly emphasized that, when 
,epeated_shght tiau^ to remove them, these lesions should be complelely 
the decisi eleetrodesieeation or incomplete re- 

excised^^ inviting serous trouble. Radiation is, of course, entirely usc- 

, Jlie SocictJ- of UniveriJity SurKcons. Feb. 13. LUS- 
a mectmo o*- . 
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Postradiation Keratosis . — Postradiation atroph.v of the shin witli be- 
ginning keratosis is a precancerous lesion n’liicii slioidd be excised and 
replaced by a full thickness or thick split-skin graft. Tlie younger the 
patient the more important is this therapy. For obvious reasons the 
majority of such lesions are seen as late results of radiation dermatitis 
caused bj' accidental exposure or from x-ray therapy given to benign 
lesions. The majority of precancerous late radiation effects are from 
unfiltered or lightly filtered lom-voltage x-rays. However, the much 
“harder” gamma rays from radium or radon may also pi-oduce this 
result. Radiation sclerosis of the skin from accidental exposure is usu- 
ally seen today on the fingers and hands of radiologists, orthopedists, or 
other surgeons accustomed to setting fractures under the fluoroscope. 
Those lesions i-esulting from treatment of benign lesions are commonly 
seen about the face and chin of women who received epilation doses of 
low-voltage x-ray for liirsufism. Enthusiastic treatment of chronic 
dermatologic conditions vuth x-ray also furnishes a number of such pa- 
tients (Pig. 1). In recent years older children and adolescents who were 
treated by radium in infancy for hemangiomas are also being seen with 
precancerous radiation dermatoses. These latter patients constitute an 
imperative indication for excision and skin graft as prophylaxis against 
cancel', as eventual malignant transformation of such areas is almost 
inevitable, due to the patient ’s gi'cater life expectancy. 

SURGERY IX SPECIFIC TYPES OF SKIX CAXCER 

iI/e?(u;ojnfl.-~-]Malignant melanoma when still opei-able is an absolute 
indication for surgical treatment. These tumors are almost all com- 
pletely resistant to radiation, and radical surgeiy is the only method of 
therapy available. These lesions should be excised widely and deeply 
wthout regard to subsequent cosmetic effect. Tlie underlying fascia 
should always be included in such a removal. If, as occasionally hap- 
pens, a supposedly benign ne\'us is excised and tiu'ns out to be mel- 
anoma, an immediate re-excision should be done if there is any doubt 
about the adequacy of the original surgery. Malignant melanoma usu- 
ally metastasizes first to its regional nodes, except in the hopeless ful- 
minating cases where explosive mefastases seem to occur simultaneouslv 
throughout the body. In operable melanoma the regional nodes mav 
be handled in one of three ways. If the primary lesion is close enousrh 
to the regional nodes, these may be removed with the primary as an 
en bloc dissection, an operation for which the term “excision and dis- 
section, in continuity'’ has been coined (Fig. 2). Tliis conforms to the 
ideal concept of extirpative cancer sui-gery, a principle which the pres- 
ent day radical mastectomy exemplifies. In such an operation the pri- 
maiy lesion, tlie majority of the direct lymphatic pathway.s, and the 
regional nodes are removed in one piece, with all contained tiimor colls 
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Hiid emboli. Such an operation is ideal whether or not the regional nodes 
are elinieally involved. If the primary lesion is too far awav for such 
€1 2)rocedure the nodes should be removed at the .same time or shortly 
thereafter if they obviously contain metastatic tumor. If the nodes are 
not clinically involved the bc.st ])ractice today is to wait six to eight weeks 
after the primary is e.xeised and then do a radical dissection of the 



j-jg.. 1. Late radiation effect 


on skin from low-voltaec x-ray administered dining 
adolescence for Acne. 


re<-ional nodes (Pig. 3). The theoretical advantage of this maneuver 
• "that it allows tumor cells already in tlie lymphatics to reacli the 
^.^o-- ' 1 node filter. That this is more than a theoretical consideration 
regiona ^ patients wlio develop numerous minute skin metas- 

is shown l,.jnphatic pathways when uniin'olvcd nodes have been 

tases ijut simultaneously with the primary lesion. In 

removed sep ‘ node involvement fi— - • 
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it is believed justifiable to perform prophylactic node dissections in pa- 
tients with melanomas. Adequate statistics are not available to show 
the percentage, but it is the general opinion that metastases from 



Pig. 2 Illustrating a teu possibilities of the operation of "excision and dissection 

in continuity." In these diagrams the primarj- lesion is so situated that it can be 
removed, along with the regional nodes and their Intervening lymphatics, with one 
continuous incision Such an operation may have an infinite number of anatomic 
variations and is suitable whether or not the regional nodes contain metastatic 
disease. 


melanoma arc found much more often when dissections for clinically 
vminvolved nodes are done, than is the case with squamous lesions. 

Residual or Recurrent Disease . — In spite of the radioeurability of most 
squamous and basal-cell eancei-s of the .sldn, the occasional radiation 
failure presents a perple.ving problem. Residual disease, that is, viable 
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cancer remaining in an area that has heen treated to the limit of tissue 
tolerance, presents two alternatives, eitlier surgical removal or furtlier 
iiiadiation witli resultant radionecrosis. This la.st course defeats the 
original indication for the use of radiation, and in most instances should 
not he followed (Figs. 4, 5, and 6). It should be noted that the diagnosis 
of residual disease must not he made for some time after treatment is 
finished, a.s eontinued regression of the tumor may take place for eight 
to twelve weelvs after the acute I’caetion in normal tissues has occurred 



. . „ nroblem nrceented ivlicn the primary lesion l.s too far 

Fig. 3.— Doties remove them and the intervening Irmphat cs 
removed from illustrates Uie situation when the nodes arc not cnnlc.alb 

through one incision, n a u s . ^ radical dl.sspction six to ciglit weeks 

mvowed. Here the nodes shoma jemo^^ knowing the lymphatics to empty any 
"11°' the priniarj' node filter. E lllustmtes the situation wlicn the regional 

eells iato tlie f^^'^ltostatic disease. These must bo removed ns soon ns pos- 
tumor °f!!j.uslv contain nie'asta m '^the excision of the primarj- lesion. Here the 
?ihlfa?d usually Scrince the possibility of further lymphatic ineta.stnse.s 
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and healed. Once the existence of residual disease has been established, 
however, recourse to surgery is usually the wisest choice. A wide ex- 
cision of tlie entire area should be done ajid tlie defect repaired with, a 
full thickness or a thick split-skin graft. Eeeurrent disease is actively 
growing cancer, arising, of course, in a focus of unrecognized residual 
disease. It is simply a further stage of the other, and should be treated 
in the same way and for the same reasons. The indication for the use 
of surgery in these conditions is a relative one, depending largely on 
individual circumstances. For a small focus of residual disease situated 
well below the skin surface, interstitial radiation in the form of gold 
radon seeds may often complete the tumor regression. In general, how- 
ever, siu’gical excision with immediate or delayed gi’afting is preferable. 



— Un>strates a patient with squamous carcinoma inadequately treated bv 
jrramation. The tissues will not now tolerate a complete cancerlcidal dose which 
niore than that onemall.v gi\cn. and the pioblem now is one of a 
mutilating- surgical procedure along with e.'ccision of the neclc metastases 


Radiation Cancer . — Carcinoma arising in skin that is atrophic and 
lelangieetatic as a late result of radiation is almost invariably a surgical 
problem. In the first place, such a tumor is usually squamous carcinoma, 
and as such is relatively radioresistant, requiring a liigli dosage to kill 
It. In the second place, the tumor bed and surrounding tissues, already 
damaged by radiation, will not tolerate caneerieidal doses of roentgen 
or gamma rays. In the third place, thc.se lesions arc frequently located 
on the fingei-s and hands, areas which tolerate radiation ]ioorlv because 
of the close proximity of bone. If a biop.sy of a radiation cancer shows 
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llio^ tumor fo be a s])indle-cell vai-iant of squamous carcinoma, the indi- 
cation foi- surgery is absolute, aiartin and Stewart' state that spiudle- 
ceil epidermoid carcinoma is practically incurable by radiation, and 
such a tumor .should always be attacked surgically. Spindle-cell car- 
cinoma may be found in radiation cancer, as a metaplastic phase of 
radiated and recurrent squamous carcinoma, or occasionally as an e.\'- 



Fie. 5. 

Fig’S. 5 and fi. — Illustrate the preoperative and immediate postoperative condition of 
a patient who had been treated for twelve years by repeated inadequate doses or 
ladium. The outer table of the skull and the roof of the frontal sinus had to be 
lemoved. Actively growing basal-cell carcinoma was invading- the orbit. 


pression of the carcinogenic effect following chronic arsenic poisoning 
or long-standing psoriasis. Wlienevei- it is encountei'cd it should be 
treated by surgical methods if feasible and not by radiation. 

Buni Scar Cancer . — Epidermoid carcinoma rising in old burn scare 
presents a specific problem quite distinct from the ordinary occurrence 


of skin cancer. 


It originates on a fibrotic, relatively avascular tissue bed 


diose lymphatics are few in number and functionally distorted. The 
cells themselves ordinarily are so highly differentiated tliat (hey 
^^"'^^losely resemble normal mature squamous epithelial colls, and thus 

. 11 —rviild be classified as radioresistant. Burn scar cancer 
histologically " 
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usually is indolent and tends to metastasize late, but it is I’cry stubborn 
in response to treatment because it tends to recur locally. Patients with 
these tumors frequently give a history of repeated excisions with recur- 
rence in adjacent areas. This is thought to be a result of the disraption 
of lymphatic pathways in the scarred tumor bed, with a consequent 
atypical metastatic pattern. Such a tumor is a surgical problem be- 
cause it not only requires a high dosage of radiation to sterilize it, but 
also because it grows in a tumor bed of avascular sear tissue that will 
not tolerate cancerieidal doses of the order needed. AVhen excision of 
such a lesion is done, it must be carried niucli \rider than is necessary 



Fig:. 6 — For legend see opposite page. 


for the usual skin cancer liccause of this tendency of burn sear lesions 
to recur in nearby sites Ideally, tlie entire sear and tumor should he 
e.xcised and the area covered by a split-skin graft. Tliis is, of coui'se, 
frequently impossible because of the size of the area involved hy manv 
burn sears. TJie entire thickness, at lea.st, of the sear should he removed 
under the linc.s of incision. The e.vtent of excision required in these 
lesions is anotlicr eonlraindieation to radiation therapy, as a cancerieidal 

do,se of .x-ray could not be delivered over siicli an area, even lln-oim-h 
norm.-G ci-:., >= 
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CONSIDra VTIONS OF AA'ATOAfIC LOCAl’IDN AND jC-XTFNT 

ScaljJ. ^Most small or inedinm-sizefl squamous and basal-cell cancers 
of the scalp are bes! troaiod by radiation. lion ever, the occasional large 
and deeply ulcerating' lesion is best treated by wide surgical excision 
and immedialo sidn graft. This is because destruction of such a tumor 
by radiation may expose the undeid3'ing bone ivhich has been paitially 
devitalized bj' the radiation. Severe osteomj'elitis of the skull may en- 



Tig 7 — Patient 
a large, ulcerating 
exposed dura 


uith sequestration of the skull follmi mg mtensiie irradiation of 
basal-cell carcinoma of the scalp The floor of the defect Is tlic 


sue or at the least, osteoiadioneciosis uith socjucstiatioii ot the iuadi- 
® ^ area (Fig 7). Exposuie by suisciv ot healthy, noniiiadidtcd 
f ^ is not necessarily serious and can easily he lepaned bt skin gialt- 
• If the '’■alea or periosteum ks lemoted an nnmediate thin split-skin 
- bl made to grow on the exposed hone uilhont Availing for 
formation of granulations It is ceitamly uorlh vvliile af- 

drilung a o^pclure as tlie cliance of loss of such a giall is nmch 

tempting such a pioceau 
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less of a problem to the patient than the three to six weeks required by 
the maneuver of drilling and waiting for granulations. If the primary 
graft takes, the procedure is finished. If it does not the patient has lost 
nothing but a few days, as the donor site of a split-skin graft restores 
itself very completelj’. 

Ears . — Cancer of the skin of the auricle is as easily cured by radia- 
tion as skin cancer anjuvhere else, but because of the pi’oximit3' of the 
cartilage to the surface, iileeration and nonhealing are frequent occur- 
rences. Primaiy excision of these lesions, with or without a “V” re- 
moval of the cartilage, usually results in a better cosmetic effect in spite 
of the surgical defect. Long-continued ulceration following irradiation, 
or eventual sloughing, are far more trjing to a patient than simple ex- 
cision and primary healing of healthy tissues. Eadioneerosis, further- 
more, often requires more extensive surgical procedures than would 
have been necessaiy by surgical excision in the first place. The larger 
the lesion, or the deeper it extends, the more imperative is the indication 
for surgical attack. Many radiologists refuse to treat such lesions after 
experiences with chronic perichondritis or chondrojieerosis. 

Midline Lesions . — Cancer of the skin occurring in the midline of the 
body is better treated by surgery than radiation, the reason being that 
the blood supply is least in this area. Tissue recoveiy following ir- 
radiation is direetlj^ dependent on the blood supper to tlm region treated. 
These considerations do not apply to the face, scalp, or perineum, where 
the blood supply is excellent, and therefore lesions falling in this class 
are quite rare. 

Cancer in Skin Adjacent to Bone . — Carcinoma of sidn overlying a 
bony prominence is better treated by surgery than by irradiation for 
two reasons : first, the blood supply to the integument is usually less in 
such areas; second, bone is easily damaged by radiation, and, being close 
to the skin surface, recei\'es a high tissue dosage when radiation therapj^ 
IS given.= These conditions tend to delay healing, and lead to late radio- 
necrosis and breakdown (Figs. S and 9). Such vulnerable areas of skin 
are found on the hands and feet, over the malleoli, and over the anterior 
aspects of the tibiae. It has long been luiown that irradiation of the 
fingers or the dorsum of the foot is a dangerous practice, and this is al- 
most equallj' true of the metacarpal area. The disastrous late results 
of accidental irradiation occurring in the hands of radiologists and 
surgeons arc effects of eomparativelj' low doses of radiation. The fuU 
caneericidal doses required to sterilize the squamous carcinomas found 
m these regions are even more destructive. In many patients so treated 
surgical procedures necessitated by tlie late results of radiation would 
he simpler both to the surgeon and the patient if thev had been done in 
the first place. 

Pcnncum.—Cimeers of the skin of the anas, vulva, scrotum, or penis 
arc more suitable to surgical treatment than irradiation, because the skin 
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of llicsc regions tolerates radiation poorly. This .skin is more moist than 
other area.s iji the hod.v and macei'ation occurs oarl.v during radiation 
therapy, thus making the reactions more intense, and thereby limiting 
the total dose that can he given. For the same leasons the late effects 
of radiation are far more distressing to the patient than is usual for 



Fie. 8. 
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drier regions. Ulceration and infection occur more commonij', and a 
patient with radiation dermatitis about tlie i^erineum maj' be per- 
manently miserable. Lesions of the vulva or scrotum lend themselves 
readily to snrgerj" because of the ease of repair in redundant tissues, and 
because of excellent blood supply. The scrotum, furthermore, is a poor 
site for irradiation from the standpoint of damage to the contained 
testicles. Cancer of the skin about tlie anus deserves special considera- 
tion, because, if surgical treatment requires a permanent colostomy and 
posterior resection, or even rectal incontinence, the disadvantages of 
radiation must be balanced against these factors. Such a situation, how- 
ever should not influence the pliysician to attempt the impossible with 
radiation. Cancer of the penis is almost invariablj^ best treated by 
surgical measures. In tliis connection it should be noted that circum- 
cision in infancy or childhood is ijractically 100 per cent prophylactic 
protection against the later development of cancer in this organ.^ 

Skin Cancer Invading Bone or Cartilage , — It is practically impos- 
sible to cure squamous or Imsal-cell cancer invading bone or cartilage 
by irradiation. Such lesions on the extremities, when very large in ex- 
tent, require amputation. Pack and Livingston^ list tlie indications for 
amputation in patients with extensive skin cancer of the extremities as 
follows: (1) hemorrhage caused by erosion of a large vessel; (2) when 
the interior of a large articulation is exposed; (3) when the cancer has 
invaded so deeply and become so adherent that excision is impossible; 
(4) when large areas of bone are exposed, re.sulting in necrosis; (5) 
when uncontrollable suppuration of the wound is complicated by fever 
and toxemia; (6) when the functional result, even after a presumptive 
local cure, would be unsatisfactory, the limb becoming an encumbrance. 

CANCER CO-MPLICATING SPECIFIC SKIN DI.SEASES 

Squamous and sometimes basal-cell carcinoma occurs as a complica- 
tion or result of certain skin diseases, notably in xeroderma pigmentosa, 
acrodermatitis chronica atrophicans, and rarely as a late result of lupus 
vulgai-is and lupus erylhemato.si.s. Patients with xeroderma pigmentosa 
usually present impossible therapeutic problems, and they commonly die 
m early adult life of multiple skin cancers. These tumors ai'e a result of 
the action of actinic rays on the damaged skin, and as such arc not suit- 
able for ti’eatmont by furtlicr radiation. They therefore are surgical 
problems, although only in a palliative way. Cancer arising in le.sions 
of acrodermatitis clironica atrophicans should be treated by surmeal 
excision because the atrojihic skin will not tolerate cancericidal doses 
of radiation. Tlie same considerations apply to cancer arising in skin 
wliieli lias been tlie site of lupus vulgaris or erythematosis, although to 
a lesser extent. Decision as to treatment in this latter situation depends 
opon the degree of skin damage resulting from tiic previous disease 
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of these regions tolerates radiation poorly. This skin is more moist than 
other areas in the body and maceration occurs early during radiation 
therapy, thus making tlie reactions moic intense, and thereby limiting 
tlic total dose that can be given. For the .same reason.s the late eifects 
of radiation are far more distivs-iiii" to the patient than is usual for 
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section of node metastases from sldn cancer in general, two conditions 
are necessary : one, the primary lesion must be controlled, or be removed 
simultaneously; two, the nodes must be operable. Quixotic attempts 
at removal of huge masses maj’ be useful from a palliative standpoint, 
but they are not curative. Bilateral metastases to the neck, groins, or 
axillae from midline skin lesions are not contraindications to dissection 
if the lesions are operable. Bilateral dissections should be doire when 
bilateral metastases are present, because nothing else affords the pa- 
tient an equal chance in such a situation. 


SURGERY AS AK ADJUXCT 

The use of surgery and radiation eomlrined as complementary methods 
has little place in the treatment of skin cancer in general. It is no more 
reasonable to use “postoperative irradiation” after surgical removal of 
a malignant skin tumor than it would be to do a little surgeiy after ade- 
quate irradiation of such a lesion. Surgery may be employed to ad- 
vantage, however, in the everting or polj-poid lesions, as an adjunct to 
irradiation. Eadiation may l)e used much more effectively in such situ- 
ations if the main bulk of the tumor mass is first removed surgically, 
preferably by the endotherm knife or actual cautery. The tumor bed 
may then be exposed to a much higher tissue dose of radiation than 
would be possible if the same amount of radiation were filtered through 
one or several centimeters of overlying tumor tissue. 


DISCUSSION 


Prom this account it may seem that surgery has been advocated as the 
treatment of choice for most skin cancers. Careful stud3’, liowever, 
will show that these indications are not concerned with the great ma- 
jonty of skin cancers, but in i-ealitj’’ affect a relative^ minor group. 
Slelanoma, fortunately, is not a common disease, nor is burn scar cancer 
or xeroderma pigmentosa, and most of the other lesions listed. 


In such a discussion as this the contraindications to surgical treat- 
ment should be considered. Obviously, surgical measures can be made 
to cure anj' skin cancer that i-adiation can cure, and also some others 
that cannot be controlled by i-adiatiou. However, when radiation is 
used by an expert, it will produce a better cosmetic result and cure the 
lesion more simply than will surgery, with the exceptions as discussed 
m this communication. In this connection it should be stated that most 
authors believe that early carcinoma about the eyelids should be treated 
by radiation, cancer in this location being considered a contraindication 
treatment. Again it must be emphasized that irradiation bv 
skilled therapists is referred to. and not the casual use of radium or 
x-ray bv .someone not thoroughly familiar with this field. Serious dam- 
age to the eye, particularly tlic lens, may result from injudicious ir- 
• latioii of this area. When a cancer of the eyelid has invaded the 
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REGIONAIj IcODE 3IET.VSTASES 

In one sense the treatment of metastatic nodes in patients with skin 
cancer is of more eoncern than treatment of the primary lesion. In tlie 
first, place, skin cancer usitally kills hy its metastases rather than hy 
the local effect of the primary lesion, dift’ering in tliis respect from some 
other tumors, such as nntreated cancer of the larynx or esophagus. In 
the secoird place, most skin cancers can be fairly easily' cured at the 
primary site Iry airy of several means, as stated before. 

The question of the treatment of I’egional node metastases from 
squamous cancer has been rcpeatedl.r discussed from many angles. The 
majority of the opinions today seems agreed on the following premises; 
that prophylactic dissection of regional nodes is not only imnecessaij, 
but may actually be harmful ; that the treatment of operable metastatic 
cancer in nodes should be surgical and not by radiation. Prophylactic 
regional node dissection, i.e,, rvherc metastasis is not demonstrable, has 
been shomr conclusively by Martin^ and Duffy® to be a waste of time in 
most patients with squamous eareinoma of the lip, mouth, and pharynx. 
The same reasoning and eoneliisioiis are equally applicable to squamous 
carcinoma of the skin. That prophylactic dissection may be harmful 
is illustrated by those patients who devclo]) inaccessible metastases, 
because of diverted lymphatic flow, sometime after rrode dissection. The 
regional Ijunph nodes act as a temporary filter for tirnror cells loose 
in the tissue lymphatics, arrd they w'ill hold them in check until the 
tumor destroys the node arrd breaks through the capsule. When a node 
becomes blocked by tumor cells, local diversion of lymphatic flow ocerrrs, 
and thus sirccessive adjacent rrodes become involved, b,v collateral flow. 
This is whj’’ it is futile to do a local exeisiorr of a solitary involved rrode. 
Whenever surgical extirpatioir of a regional metastatic node is done, the 
operation must be radical, renrovirrg the eirtire node bearing area by an 
en bloc dissection. 

The irse of radiation in the ti-eatnient of node nretastases from skin 
carreer either should be coirfined to palliative ther’apy for late and in- 
operable lesions, or should be used as a delaying action, as it were, in 
holding in cheek cancer irr regional rrodes while the primary lesion is 
either beirrg definitively treated by radiatiorr oi’ prepared for excision. 
This latter course is only arr expcdieircj" to delay gr-owtli of metastases 
rrrrtil regiorral dissection can be done. Metastatic squamous cancer in 
nodes can be cured occasionally by roentgen or gamma r-adiation, but in 
too small a percentage of cases for this fornr of therapy to he seriously 
considered as an equal alternative to radical regional node dissection 

in operable cases. 

g jieck dissection for cervical meta.static cancer- have been 

'n a centlv bv hlartin,® and the operation of radical groitr disscc- 
descri e re ' „ ^ j elabor-ated hy Pack arrd Pcltcrs." For dis- 
tion has been leaenncu 
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Henry N. Harkins, M.D., F.A.C.S., Detroit, Mich. 

(From the Division of General Surgery, Senry Ford EospHal, Detroit) 

'T'HE treatment of arterial emboli.siii is a subject of considerable 
practical importance. The condition is not rare and the results 
without therapy are poor indeed. Griffiths (1938) found that 87 per 
cent of the patients not operated upon were dead within a fortnight 
and all the remainder required major amputations. The treatment of 
this condition is not simple and if anything is to be accomplished at 
all it should be done promptly. In addition to several forms of therapy 
in use for some years, the recent introduction of several newer modes 
of attack upon this most serious of conditions furnished the opportu- 
nity of a reappraisal of the entire question. The following article 
attempts to correlate past e.xperiences in the treatment of acute embolic 
arterial occlusions with the present status of the newer forms of therapy. 

historical 

Severeanu (1894), professor of surgery at the University of Buchar- 
est, is the first who recorded attempts at emboleetomy. This author 
Was apparentlj^ fvdly acquainted with the predilection of localization 
of emboli at the bifurcation of vessels and with their e.ssentially cardiac 
origin. He did not use his method, however, to make a complete cure, 
but to preserve the vitality of amputation stumps, essentially of the 
lower limbs. He would amputate close to the level of gangrene in 
embolic eases and then insert an oiled catheter up the proximal stump 
of the occluded artery. In many cases a clot would come away and 
not only would the reopened arteiy bleed, but “1 ’hemorrhagie capil- 
lairc est devenue plus abondantc et les tissus prirent une eonleur plus 
Vive.” Healing by jirimary intention usually occurred in these eases. 

The first real attempt at removal of an embolus by arteriotomy was 
made by SsabanejefT (189,5). q'his author un.sucee.ssfu!ly tried to re- 
move an embolus from the femoral artery in a ease of embolic threat- 
ened gangrene of one leg in a 2S-year-old woman with rheumatic fever 
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sfruetures of tlie orbit, tlien the contrainclicalion to surgery is reversed, 
and the orbit shonld be exentcrated. 

Bacli pioblcjn in skin cancer slionid be treated on its own merits, and 
requires individualization in judgment and technique. Only broad gen- 
eralizations can be made about any form of treatment and the specific 
details of each case must be eoirsidcrcd sejjarately in outlining a treat- 
ment plan. 

.SUABtARY 

Both surgery arrd radiation have special advantages in the treatment 
of certairr tAqres of skin cancer. Irr this article the phases of malignant 
tumor’s of the skirr which are best .srrited to surgical attack are discussed. 
They have beeir eorrsidered in the following order : 

1. Prophylaxis; moles and postradiation keratosis. 

2. Sirrgery in specific types of .skirr earrcei': melanoma, residual or 
recrrrrerrt disease, radiation carreer, and burn sear carreer. 

3. Considerations of anatomic location and extent; scalp, cars, rrrid- 
line lesions, cancer irr skin adjacent to hone, perineum, and skin cancer 
invadirrg bone or cartilage. 

4. Skin cancer complicating specific skirr diseases: xeroderma pig- 
mentosa, acrodermatitis chronica atrophicans, and lupus vulgaris arrd 
lupus erythematosis. 

5. Regiorral node rnetastases. 

6. Sirrgery as arr adjunct to radiation. 
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(1941), Pratt (1942), and Lesser (1943). The book of Haimovici 
(1937) on Les cnibolics arterielles des mcmhres vhich is 336 pages long 
is the largest work extant exclusively devoted to this subject. 

DIAGNOSIS 

The essential features in the diagnosis are the sudden onset of pain, 
usually in one of the lower extremities, ivith blanching, loss of sensa- 
tion, and loss of local heat. Generally, except in aortic cases, the cir- 
culation to the opposite extremity is fairly competent. Bull (1921- 
1922) found 181 instances of parietal cardiac thrombi in a series of 
6,140 necropsies, testifying to the frequency of this condition and the 
resultant dangers of embolism. Garvin (1941) also discussed the im- 
portance of the presence of mural tlirombi in the left side of the heart 
in the causation of j)eripheral embolism. Danzis (1933) also pointed 
out that the origin of most of the emboli is from the heart and that 
the most common site for lodging is one of the femoral arteries. In 
Key’s statistics (1921-1922), the left arm and left leg were involved 
more than the right. Forty-one of 46 eases of arterial embolism ob- 
served by McKechnie and Allen (1935) occurred in cases of heart 
disease. In the diagnosis of arterial embolism, Edwards (1941) out- 
lined the differentiation from nonarterial disorders which simulate 
disease of the peripheral arteries. DeTakats (1936) pointed out that 
in some of his eases of peripheral arterial embolism pain was entirely 
absent. In the diagnosis, oscillometiy and aiferiographj' are useful 
in localization. Haimovici (1937) especially advised ai’teriography. 
Kordentoft pointed out that the downward thrust of the embolus itself 
may be confused with the arterial pulsation and that the embolus 
actually lies a little higher than the lowest palpable pulse. In .speak- 
ing of the disappearance of the pulse (asphygmia) Haimovici (1937) 
stated; “I’absenee du pouls, de regie dans les embolies arterielles, 
eonstitue un des meilleurs signes cliniques.” This author also recog- 
nized the importance of Nordeutoft’s sign, pointing out that the pulse 
may be felt in some cases several centimeters distal to the obstruction 
due to a pulsation transmitted by the clot itself. Pulsation of the 
arteiy below the embolus has also been noted by Deitch (1936), Grif- 
fiths (1938), and by one of us (H. K. H.) in seveva] personal eases. 
Leitch and Griffiths stated that such a pulsation preoperatively has no 
connection with prompt return of the distal pulse after .surgery, 
lleanley (1939) also noted the thrusting type of impulse felt in an 
artery just below an embolic obstnietion. In liis two cases this oc- 
curred in the femoral region. 

Haimovici (1937) pointed out that pain comes on as a veritable coup 
nc fauci. Its sudden appearance and violent charaeter constitute a 
niajor .symptom of arterial embolism. It is probably due to reflex 
apasm rather than to direct irritation from the embolus. 
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and ulcerative endocarditis. Ivey (1921) stated that Ssabanejeff did 
not find the embolus. The patient agreed to amputation and it was 
done loumr doAvn and the wound in the vessel was sutured. Death 
occurred nineteen days later and necropsy revealed that the vessel was 
patent at the point of suture. 

Jloynilian (1907), of Leeds, removed a popliteal embolus and the 
patient died four days later. Handley (1907) attempted an iliac eni- 
bolectomy but could not remove the clot. Stewart (1907), of Phila- 
delphia, did a femoral embolectomj’^ which almost ivas successful. An 
embolus at the bifurcation of tlie common femoral artery u^as I'emoved 
Ihirty-six hours after lodging in the presence of gangrene of the foot. 
Pulsations reapi^eared do^vii to the knee and gangrene was limited to 
the calf aJid below. Amputation at the level of the tibial tubercle was 
performed on the fort 3 ''-seeond day. Lilienthal (1907) suggested the 
use of eiid-to-end arteriovenous angiorrhaphy for peripheral arterial 
embolism, but naturally this operation was not widely adopted. John 
B. Murphy (1909) did a femoral emboleetomy but had to amputate 
the leg. Lejars (1902) removed an arterial thrombus. Twelve em- 
boleetomies Avere done in all before Georges Labey did the first suc- 
cessful one in 1911. 


The first successful emboleetomy Avas performed by Georges Labey 
on Nov. 16, 1911 in the Hopital Saint-Antoine, Paris, and reported by 
Mosny and Dumont at a meeting of the Academy of hledicine of Paris 
a month later. The patient, a man aged 38 years, Avith mitral stenosis, 
Avas operated upon by Labey rtnder local anestliesia six hours after tlio 
lodging of a left femoral embolus. The clot Avas remoA'ed directly 
through an incision in the artery 1 cm. long and after suturing, the 
vessel circulation returned. The next day, thirtj'^-six hours after the 
operation, pulsations Avere felt distinctly in the posterior tibial artery 
and at the time of reporting, thirty-three daj^s after operation, the 


patient Avas improved and the left leg Avas entirely avcH. A year later, 
in 1912, Einar Key of Stockholm did the first of his series of seventeen 
embolectomies on fifteen patients reported in 1921 to 1922. PeA'icAv.s 


of the literature are given by Key (1921-1922), quoting thirteen suc- 
cesses out of forty-five eases; Jefferson (1925) quoting tAvcnty-cight 
successes out of seventy-three eases; Petitpierre (1928) quoting thirty- 
four successes out of 118 eases; and Key (192.9) quoting approximately 
eio-hty-six successes out of 216 cases. Key’s article in 1921-1922 is the 
'c in the field of emboleetomy and so great has been his influence 
tb^T'of the 216 eases collected to the end of 1.927, 145 were done in 
a American and English reviewers agree on llic prepondei-anee 
I, eases and Pemberton (1.028) .stated that up to 1928 only 

of Svedish cases an 

tAventy eases a\ Lnlicy (1.926). Reid and Andi-iis (1927). A;i- 

revicAVS incmcie Pearse (193.3), Danzis (1933), Linton 

drcAVS and Harkins 
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l^as followed by continuous drip heparin adniinistiation. Some papaierine was 
gi\en post operatively, but no pavaex was used. 

The paraveitebral injections caused no jiuprorement in the coldness of the foot 
or leg, so a femoral incision was made and the femoral arteiy e.xplored with the finger 
down into Hunter’s canal without opening the aitery. A good pulsation could be 
felt, therefore this w ound w as quickly closed without drainage and the patient was 
turned on hei face. 

A popliteal lertical incision was made, coming down on the popliteal artery. 
We found that it was distended, hard, and nonpulsating. A longitudinal incision 
was made, 1 cm. long. This revealed a iionadherent clot. The clot extended up- 
ward three to four inches into Hunter’s canal and after cleansing out the upper 
end, no definite embolus could be found, nieiely an extension of the clot, and a good 
pulsatile blood stream occuried. Milking the clot fioni below the site of incision 
in the artery, we found that all three branches of the popliteal arterj' weie full 
of these clots. The anterior tibial aiterj' was cleansed to where it perfoiated the 
intermuscular septum. The posterioi tibial aitery was found to be xery hard with 
evidentlj- a thick wall and incision % cm. long made in it, and a definite communica- 
tion made between the two incisions. The peioneal arteiy seemed to be better in 
nature than the posteiioi tibial, but it could only be cleansed down several inches. 
Thus, the whole system seemed to be riddled with these elots, which all had the same 
appearance. The lessel walls weie scleiotiC and involved, and it was decided that 
this was a thrombotic process lather than an embolic one. The clots which were 
removed are shown in Fig. 1. 



^ * 






Fig 1 — Popliteal thiombus of H Ba., Case 1. 


Howcier, two inches below the branching of tho peroneal artery, all three branches 
were cleansed and a puUation of all tliicc branches was obtained. The lower in- 
cision was sewed up with a single row of interrupted fine white silk and the upper 
incision was sewed with a double row of continuous fine white silk. Then, 4 e.c of 
lepariii were injected into the arterx and definite pulsation continued. Howeter 
us did not extend down much hcvoiid the level of the wound. The blood did not 
seem to bo flowing through The wound was closed without drainage. The an- 
pcarance of the leg afterward was not much dilTercnt than at the onset. Confinu 
oils heparin injection was adiiscd and papaxerine kept in rcscnc. 

Anesthesia for tho procedure consisted of spinoiainc 1 . 7.0 c.c. expanded to 4 0 c c 

t.cntTcfTii''"''^’'"^'" I”*™' ""''"-’ll injection. The pa- 

the operating room in fairlj good condition. Tho leg did not improve^in 
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1 reinoiiilory signs of embolism are vague and are probably due to 
n-eaking off of small embolic fragments before lodging of the main 
clot. Movement of the main dot from a straddle position to a more 
obstructive one may account for some of the symptoms noted. In most 
eases the reflexes are iveakencd or aboli.sbed and sense of position is 
absent. Ilaimovici (1937) quoted Gallavardin and Contamin, Aehard, 
Leblanc and Uouillard, Senceid, Eavault, Langeron, and others as 
observing that the onset is not ahvaj'’s rapid but may be slow and 
progressive. 


Oscillomctrij .- — This method lias lieen used Haimovici (1937) and 
others. It essentially is a more delicate method of noting where the 
arterial pulse becomes weaker or disappears. Haimovici points out 
that there are three zones: normal pulse, diminished pulse, and absent 
pulse. The obliteration is often at the proximal end of the middle zone. 

Another useful test is the reactive hyperemia ring test of DiPalina, 
iluss, and Foster (1942) which may prove of value in the differential 
diagnosis of peripheral arterial embolism. 

Local Hypothermia . — Haimovici (1937), as well as others, has pointed 
out the importance of decrease in local temperature after lodging of 
an embolus. This is not onlj’’ objective, but subjective. In advanced 
eases one finds a typical froid cadaverique. Ipsen (1931) believes that 
a temperature dift’erence of 1° C. between two extremities indicates a 
pathologic condition and the greater the difference, the moj’e serious 
the ischemic condition. Antonioli stated that there is often a hyper- 
thermic zone at the upper level of the isebemic region and that obser- 
vation of this will indicate the level of gangrene. 

Nervous Changes . — Aside from those listed above, Haimovici pointed 
out that there is often a loss of voluntary motion. Generally the loss 
of sensation does not extend as high as does the discoloration and 
coldness. Deep sensation is occasionally exaggerated, but in general 
decreases in proiJortion to the loss of superficial sensation. 

Differential Diagnosis . — In this respect, several conditions which are 
not benefited by operation should be particulaily considered. These 
include especially arteriosclerosis with arterial thrombosis, as well a.s 
arterial spasm, thronihophlehitis, and Buerger’s disease. An example 
of such a faulty diagnosis is demonstrated by Case 1. 


Ba., a widow, aged 74 j-ear.s, with u liis,tory of siifcrio.'-cleroi-is and 
rtension of several years’ duration was noted to iiave auriculnr fibrillation in 
T ” ' 1941. She was .admitted to the ho.<.pilal for .several d.'iy.^ at this time. 

-n-^Tt'davs afteruard, on Feb. 9, 1941, she had sudden pain in the left leg, of acute 
numbness. She came to the liospitni two dnys later at wliicii time there 
onset ni ^ ^ju.okiness of the left foot. Iniinediutely after aduiission .“he was 

was CO fiirnnibosis on tin arterio.'-elcrotic basi.» was considered most likely, 

seen and nithough tlironmv 

° ■ could not be ruled out. 

embolism co popUteai artorj- was performed under .spinal anesthesia 

Exploration p-. „ffcr left paravertebral novoeain injection, and operation 

by one of us (H. IN- 
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The chief means of preventing secomlaiy thrombosis are (1) choice 
of early cases with normal vessel walls, and (2) the use of heparin in 
the ve.ssel after closure of the arteriotomy wonnd. 

Not only are secondary thrombi apt to occur (Sehein. 1935). but 
other emboli are frequent. In fact, a good share of temporarily suc- 
cessful embolectomj' patients subsequentlj^ die from other emboli. 

Some years ago the senior author (R. D. lIcC.) analyzed two groups 
of cases of embolism and thrombosis. One of these groups (177 cases) 
was seen at the Johns Hopkins Hospital before 1916, and the other 
(46 eases) was observed at the Henry Ford Ilo.spital after 1916. Of the 
entire group of 223 cases, 163 patients died and 60 recovered. Most 
of the eases were medical in nature, but some (about one-third) were 
surgical. The most common type of embolism was pulmonary (82 cases 
in the Johns Hopkins series and 15 in the Ford Hospital series). In the 
entire group there were 41 instances of femoral thrombosis or embo- 
lism, only 3 being called embolism. It is interesting that of 12 eases 
of femoral thrombosis in the Ford Hospital series, all but 2 were on 
the left side. There were 3 cases of aortic thrombosis and 1 of aortic 
embolism. Three eases each of brachial embolism and subclavian 
thrombosis were noted, while iliac and pelvic thrombosis (probably 
includes some venous eases) were noted 21 times. 

The complication of pulmonary embolism occurring during an em- 
boleetoniy (that of the common iliac artery) as described by Crowe 
Q942) is unique. It is well known that many patients with peripheral 
embolus later die of pulmonary emboli. Therefore, this accident oc- 
curring during operation is not so surprising as it would seem at first 
glance. 

Concurrent Fciioks TJiromhosis . — Haimovici (1937) made an euten- 
sivc analysis of this problem, as a concurrent venous thrombosis ccea- 
sionally is noted associated with arterial embolism as in our Case 2. 
Haimovici concluded that e.xtension of the thrombus intravascularlv 
in continuity is not the chief item in these cases. The important factor 
IS, he decided, a transverse propagation by contiguity. This accentu- 
ates once more the importance of the adventitia in these eases. It not 
only conditions the noxious vasomotor reflexes in these cases but also 
increases the hazard of a.ssoeiated venous lesions. Our Case 2 furnishes 
supportive evidence for this tlieory of Haimovici ’s, as there was .so 
much periarteritis present that .separation of the popliteal arterv and 
vein wore extremely difficult. 


C.\SB 2.— 1). H., a married woiimii. aged 7S yeara. with arferioselcrotie lioart dj,;. 
rare, auri.-vdar filirillatimi. and arterial hypertension wa;- adniitte,! witii a luVtorv 
of Midden pain in the rieht foot begiiiiiing twenfy.four hoiir.s before with nnidlv 
deieloping Mpis „f arterial olistriiefion. Deapite the fact that aUeri.al tliromboMl 
wenuHl blvely. the p<w>.itnlity of emboliMii ean-ed a deei.Mon for operation to lie made 
nhieh wai performed by one of u>. {II. N. II.), * 
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apponninco uiul the Iiepariu was discontinued on tlie fourth postoperative day be- 
cause of l,leeding from tl.e popliteal wound. The general condition failed and defi- 
nite gangrene was evident in the left log. Death occurred two weeks after operation. 

17ii.s ca.se demonstrates the futility of arterial thrombectomy in a 
patient of lids age. The operation yvas done in the belief that an 
emliolus might be present, but this hope tvas not realized. 

GENTSRAL CONSIDERATIONS 

Colhitcral Vessels . — Collateral vessels have an especial importance in 
lilanning the operation of embolcctomy. Pinch (1934) reported a case 
in which he removed an embolus by the retrograde method with Ivey’s 
probe. Immediately both ends of the vessel showed free bleeding, 
indicating opening of the collaterals. He tied the artery on both sides 
of the incision, and divided it, recovery ensuing. A colleague of his 
did the same, only in a case without bleeding from the distal end with 
disastrous results, indicating the importance of the collateral ciivu- 
lation. The procedure of trying to milk an embolus down without 
removing it has been suggested. ‘Without knowledge of the collateral 
circulation, such a procedure is apt to be dangerous because even 
though the embolus moves from a critical position, there is no assur- 
ance that it will go to a safer one. 

Secondary Thromhosis . — Extension of the original clot into side 
branches of the artery was discussed by Sehmoi’ell (1933), Girdlestonc 
(1935), and Haimovici (1937). 

True secondary thrombosis, however, denotes formation of a neiv 
clot, usually at the site of arteriotomy, and in the preheparin days was 
the chief hazard in cmboleetomies. Burnett (1939) reported a case 
of embolism of the brachial artery in which the artery ivas opened 
three times. Each time pulsations gradually ceased after about sixty 
seconds and on reopening, a new dot was found. Doberauer (1907) 
Iierformed an axillary emboleetoiny Hfty-in-o hours after the onset 
of the condition, extz-acting a clot 3 cm. long. Because of immediate 
rethrombosis he did an aideriovenous anastomosis -ivith unstated re- 
sults. Berard (1909) did a temporarily successful emholectomy on the 
femoral artery, but secondary thrombosis oeeui-red immediately, tah- 
iim away from this author the honor of doing the first recorded suc- 
cessful case. Wreden (1913) removed an aortic embolus by retrograde 
sounding with a eatheter but the next day recurrent thrombosis neces- 
sitated amputation. This whole subject is di.scu.ssed by NystrdnV 
n936) ■ 111 01111 0^ cases, .secondary thrombosis occurred twice, but 
-’tl tme patience, Ny^li'om reopened the vessel twice, removing the 
elot^ and the second time (third arteriotomy), ho injected heparin 
with a perfect result. 

2.1 of Reference irU. 
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Words, it was definitely poorer than earlier in the procedure. Because of the pa- 
tient’s condition, we did not feel it advisable to explore the femoral artery. It was 
felt that the embolus itself was palpated in the bifurcation of the femoral artery 
(see Fig. 2). 

Because of the patient’s condition and age, we decided to do an arteriectomy, 
which was performed 1 cm. above the incision in the artery, downward, including 
the two uppermost branches of the popliteal artery. We also noted at this time that 
there were definite clots in the popliteal vein and we decided to ligate tliis vein. 
This was done and the wound was then closed with interrupted silk for the fascia 
and interrupted skin silk without drainage. Ko local heparin was injected but the 
patient was to be started on continuous intravenous heparin. 

At the close of the procedure, there was very little change in temperature of the 
leg as compared before operation, but it seemed to be definitely better than before 
(he paravertebral sjunpathetic injection was done. 

Despite the administration of heparin postoperatively, gangrene developed and the 
patient died on the eighth postoperative day. During the last few days of life, 
marked gangrene of the left (unoperated) leg was also present. 

This case demonstrates again the futility of operation in a case of 
arterial thrombosis. An addition to the history, obtained from a rela- 
tive after operation, showed that this patient had suffered from severe 
pain with icicle coldness in the right foot for eight iveeks before 
operation, 

Paradoxical Embolism. — Pai'adoxical embolism, througli a patent fora- 
men ovale into the heart, was discussed by Koritschoner (1936). Carling 
(1934) and Haimovici (1937) discussed peripheral emboli of such origin. 

Mtilti-ple Emholi . — multiple emboli have been reported by several au- 
thors, including Harkins (1934) and JlacParlane (1940). 


.SPECIAL EMBOLI 

Emboli in certain locations require special treatment. Such indi- 
vidualization applies especially to the arm and to the aorta, as will be 
discussed. While the most common site of lodging of the embolus is 
the origin of the left femoral artery, other sites each have a special 
significance. Emboleetomy of the popliteal artery apparently should 
he a simple procedure, but because of danger to the collateral blood 
supply about the knee, in actuality the procedure is fi'aiight with more 
than ordinary risk to the extremity. 

Ar»i.~The arm is one region where special indications for cmbolec- 
tomy exist. Lund (1937) showed that the local results followin»' 
emboleetomy in the arm are almost twice as likely to be successfid 
•■IS in the leg (86 per cent as oppo.sed to 48 per cent respectively). The 
percentage of success as far as life is concerned, however, ivas little 
better m the case of the arm (4-3 per cent as opposed to 35 per cent) 
Jbeso fignires are of necessity lower than the loeal result.*; given above 
•as they include the deaths as well. While patients with cmholcefomv 
11 the arm were just as likely to die as (hose with it in the !e*r jf not 
operated upon, in no case did gangrene result. Lund eonchidctr there 
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Oi.crnUon.— Examination of tliis patient revealed a .ock-like discoloration of (he 
foot extending up about five inches above the malleoli of the ankle. Just above the 
upper layer of this discoloration, there was an area of hyperesthesia and hyper- 
algia. The area of discoloration and sensorj- defect seemed to coincide. The patient 
could move her toes easily. Temperature curve was taken, a paravertebral injection 
Has done on this right side, and 10 c.c. of 2 per cent novocain were injected into 
each of four needles placed two fingerbreadtiis lateral to the spine and two finger- 
breadths deep to the transverse processes. A moderate temperature response oc- 
curred. The temperature of the right shin improved relatively 5° P., but the right 
largo toe improved relatively only 2° F. The patient was then observed for about 
twenty minutes. In the absence of oscillometer, we took a blood pressure cuff and 
tested both legs. The fluctuation was rather marked in the left thigh and weakened 
in the right thigh. There was a moderate fluctuation at the left knee but none what- 
soever at the right knee. To direct palpation the femoral pulses were both strong, 
whereas both popliteal pulses were not palpable. IVe decided to do a popliteal ex- 
ploration. 



Wic. 2. Popliteal thrombi of D. B., Ca.ce 2, above: with segments of artery removed 

^ by arteriectomy, below. (Scale in inc/ies.) 


It is to be noted tiiat, if we had followed the result of the oscillometer reading, 
we would have done a femoral e.xploration, wliich would have been better. Tlic i)a- 
tient was c.xplored in the popliteal region, using novocain anesthesia, througli a vor- 
tical incision five inches long. Groat difficulty was found in separating tlio popliteal 
artery and vein because of dense inflammation of the adventitia of the arteries and to 
^extent of the vein. The three branches of the artorj- ivoro identified and just 
above them the popliteal artery was opened by means of a vertical in.d.sion 1 cm. 

! A clot was present. Palpating and milking the throe branches caused some 
„ass and milking way up above in Hunter’s canal by placing tlie finger up 
clots ‘ ^ amount of clot to come down followed by some blood. Ex- 

there probe and cnfiictor also removed .some clots, the uj>pcr 

ploration HI I ,vliitisli and appeared .somewli-if like an emiwiiis. However, we 

portion of " completely ar.J observation of the lliroo hranehos 

were not able o ^ them. fS'o blood earne out from 

indicated that t _ .,|;te:il artery at any time. At the end of tliis explora- 

the peripheral end o popliteal artery wa.« not noticealile at all. fti other 

tion, the flow of blood from ti . 1 
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u’ith his entire seines of 73 cases led Hesse to conclude that aortic 
euilioli are coinnioner in men, aortic thrombi commoner in women. He 
favored an aortic approach for embolectomy and opposed retrograde 
probing. In the entire series, the mortality of the untreated cases was 
92 per cent. In 52.2 per cent (also includes the thrombi cases) the 
patients lived a week at least, so that sudden death was rare. The 
aortic bifurcation was the site of the obstruction in 52.5 per cent of 
the cases. Hesse opposed simultaneous vena cai’a ligation. 

Table I 


IxciDExcE OF Gangrene After ArteFlIAL Ligature 


SITE OF LIGATURE 

1 PERCEKTAGE OF GAXGREKE 

1 WOLFF 

I HEIDRICH ! 

1 MAKINS 

Axillarv 

15.0 

9.8 


Brachial 

4.0 

3.1 


Aortic 


100.0 

— — 

Common iliac 

50'0 

100.0 

40.0 

External iliac 

11.2 

13.4 

Ifi.C 

Common femoral 

25.0 

21.8 

25.9 

Superficial femoral 

12.7 

10.4 

14.1 

Popliteal 

14.9 

37.2 

32.5 


Siegel and Garvin (1941) reported an unoperated case of thrombosis 
and embolism of the abdominal aorta with concomitant obstruction of 
the renal arteries and fatal issue. At the Cleveland City Hospital from 
1930 to 1939, inclusive, they saw 9 such autopsied cases, in only 2 of 
which, however, was there renal ob.struetion. 0’Shaughne.s.sj^ (1934) 
also reported a case of aortic embolism, not operated upon, in which 
there was suppression of the urine in addition to the usual signs. 
Necropsy revealed the infarction had taken place at the level of the 
renal arteries. In Hesse’s series (1921), 23.3 per cent of the patients 
had renal infai'ction. 

’rile prognosis without operation is thus almost hopeless. Welch and 
Rolleston (1909) stated that tliree iiatients (reported by Gull, Chvostek. 
and Nunez) had survived without operation. Xeuhof (1932) claimed 
to have seen a spontaneous cure. In all the remaining reported cases 
the patients have died, save two reported by Ile.sse (1921). who sur- 
vived double amputations. In an extensive review, Hesse studied 
reports of 53 patients with aortic emiioli, of which all but 4 died (96 
per cent mortality). Ha.son and Warren (1931) eolleeted 116 cases of 
aortic embolism, including one operative case of their own in which 
recovery did not take place. Griflilhs (1938) eolleeted 5 more cases 
from the literature and added 3 of his own, making a total of 124 eases 
Of those. 28 patients were operated upon. 1 twice, with 9 sucee.ssc.s in 
28 operations. Of the 9 reported .successes, 7 were operated upon 
during the (ir.st six hour.s. Patients with ligation of the abdominal 
aorta have lived one year (.Matas. 1925) and three months (Brooks, 
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fore, tlint “no benefit is gained by such operations on the upper ex- 
tremit.y.’’ ]t is of interest that in Lund’s entire series, of the 27 
patients sulnnitted to operation, 37 per cent were successful, while of 
29 patients not submitted to operation, only 8 per cent were successful. 
Patients who did not have embolectomy nearly all died whether or not 
there was gangrene or amputation. 

Graham (1937) reported 10 emboleetomies performed at the Toronto 
General I-Io.spital. Three oiierations done on the upper extremities 
Avere successful, but only 2 of 7 done on the legs led to iinproA'enient. 
Pearse (1933) also noted the much more faA'orable results in upper 
extremity cases. DeTakats (1936) agi-eed Avith Lund (1937) that em- 
bolectomy is seldom indicated in the upper extremitjn 
An illustratiA'e case of upper extremity embolism is as foIIoAvs. 


Case 3. P. H., a man, aged 53 years, with known arteriosclerosis and arterial 
hypertension for at least two years, developed a coronary attack with auricular 
fibrillation. On March 7, 1943, he had a sudden pain with numbness in the left 
hand and arm. He Avas admitted to the hospital three hours later at which time 
pulsations could be felt in the upper but not in the loAver portion of the brachial 
artery. The hand and forearm were markedly discolored, cold, and anesthetic. Be- 
cause of the fact that the involvement was in the arm and because of the patient's 
desperate condition (Chei'ne-Stokes respiration, rales at both lung bases, disorienta- 
tion), embolectonp' was decided against. Treatment included papaA-crine intra- 
venously and stellate ganglion novocain block. The success of the block AA’as attested 
by the development of an immediate Horner’s syndrome. The gangrenous process 
remained constant and the patient died the next day, tAventy-four hours after lodging 
of the embolus. At necropsy the left subclaA-ian and brachial arteries Avere opened, 
revealing a recent embolus AA-hich extended from a point 2.5 cm. superior to the 
origin of the profunda brachialis doAvnAAard for a distance of 11.5 cm. The enitolus 
was essentially homogeneous throughout, there being no evidence of secondary 
thrombus formation. It Avas not adherent to the intima. 

It AA’as decided that the length of this embolus (11.5 cm.) blocked off the collateral 
vessels as AA’ell as the lumen of the brachial artery itself. This fact, plus the gen- 
eral extreme condition of the patient, contributed to the lack of improvement follow- 
ing conservative therapy. 


—Embolism of the aorta is one of the most sez-ioiis of all fypc.s 
of peripheral arterial embolism. The bifurcation is involved in most 
instances. In Hesse’s scries (1921) of 42 aortic emboli in Avhich the 
sitC Avas knoAA'n, 25 AA-ere at the aortic bifurcation, 2 in the thoracic 
aorta and 12 in the abdominal aorta above the bifurcation. Of 49 
^runnerated cases of aortic embolism reported by Hesse (1921). 1 or 
TAossiblv 2 recovered spontaneou.sly. He.sse (1921) reported a case of 
^ '„,„bnlisrn and another of aortic thrombosis and collected /I 
“f ‘r “r«s Icm the ntereUtre. mUy-th.-ee of ,ho,o .vorc 
. o— g a, 1(1 of these, 36 Avere definitely of cai-diac origin, 

embolic in na sewed in 97.5 per cent of the embolic ca.ses and 

A sudden onse • (Jirombotic ensos. llcsse also eolleclcd 14 

in only 28.5 per ce Experience 

cases of ligature of the 
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11 common iliac, 6 external iliac). The eases treated by the milking 
method were more successful than those treated by retrograde sound- 
ing. This applied to the number of these difficult cases in which the 
embolus could be removed at the first attempt (10 of 13 in the milking- 
cases, 3 of 9 in the sounding cases) and also to the frequency of sec- 
ondary thrombosis (0 of 4 in the milking eases and 4 of 5 in the 
sounding cases). Finally, the long-term recoveries were much more 
frequent in the series treated by milking. It should be stated, how- 
ever, that on further analysis of the series of cases, it is seen that the 
best results were obtained in those patients treated by milking after 
unsuccessful retrograde sounding. 

The method of Nystrbm, " retroperitoneale Hinuntermelkung" or 
retroperitoneal milking down of tlie embolus, was first used by him in 
his clinic in Uppsala in 1923. By either cutting or freeing Pou- 
part’s ligament, the hand is introduced retroperitoneally until the 
embolus is felt and milked down to the femoral arteriotomy where it 
is removed. To prevent fragments coming down the opposite femoral 
vessel, it too should be opened and temporarily clamped off with a soft 
rubber tube. The embolus may be first crushed against the promon- 
tory of the sacrum. If embolic fragments escape into the hypogastric 
vessels, no harm is done. The femoral vessels, however, should be kept 
closed by rubber tube traction to prevent escape of ejnbolic fragments 
into them. Nystrom believes that retrograde probing should be used 
only in cases with undiseased arteries. 

N3'strom performed a successful embolectomy on the aortic bifurca- 
tion and nine months later, Westei’born did another embolectomy at 
the same site following which the patient lived five jmars, death result- 
ing from uremia. Key (1936), Schmorell (1933), and Jefferson (cited 
by Griffiths, 1938) used the reti'ograde milldng method of Nystrbm. 

A collection of 19 eases of successful aortic embolectomy is shown 
in Table II. This table is based partly on Griffiths’ (1938) collection 
of 9 cases, but as the ease he lists by Hindmarsh and Sandberg (1936) 
is the same as his second case bj^ Ivey (1922), his table should only 
include 8 cases. Nj^strbm (1936) .states that Crafoord (1933) did a 
successful aortic embolectomy, but we could find no other 'record of 
this case. SchmorcH’s patient, a 66.year-old man with a straddle 
embolus of the aorta following appendicitis, was cui-cd for at lea.st 
five weeks by embolectomy by Xystrbm’s extraperitoncal milking from 
below. In this ease the advantages of the extraperitoncal approach 
in the presence of peritonitis were manifest. Usadel (1932) used a 
long lumbai'iiiguinal incision with a retroperitoneal approach. 7’hc 
similarity in .shape of Bauer’s (1913) and Drevermann’s (1931) aortic 
emboli is noteworthy. Both were about 3 cm. long and consisted of 
a large crown or body with two roots, the crown lying in tlie aorta 
and tile slubhy roots in tlic two common iliacs. Key (1922) removed 
his emholns in five pieces. 
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192()) Expenmental studies in ligation of the aorta by Brooks (1926 j 
and by Brooks, Blaloclc, and Johnson (1928) revealed little, if any. 
c lanp in the blood ju'essure in the artery proximal to the occlusion. 

Griffiths (1938) collected 9 sueces.sful cases of aortic embolectomy. 
Haimovici (1937) found 9 such eases, including- that of Gohrbandt 
uhich uas not in Griffith’s series. Griffith’s case was included in a 
leport of 8 cases of arterial embolism seen at the Manchester Eoyal 
Infirmaiy. In this article, Griffiths (1938) described the first success- 
ful British aortic embolectomy and also reported the first diagnosed 
ease of carotid embolism. In his series of 8 cases he did 3 embolec- 
tomies with success. His single successful aortic case was, according 
to him, the ninth successful one on recoi'd. 

Gohrbandt (1933) reported an additional successful case, as did 
Culmone (1938). Gohrbandt oper-ated first on the left femoral artery, 
then opened the aorta. Lindgren’s patient (1939) received heparin 
foi‘ nine days iDOStopei-atively. Murraj' (1941) reported two successful 
aortic embolectomies, heparin being used in eonjunetion with opera- 
tion. Pratt (1942) reported an additional case of aortic embolectomy 
which was successful except that one leg had to be amputated at the 
knee. McMaster’s (1939) two months’ cure of aortic embolism fol- 
loAving -iliac embolectomj^ is too atypical to include in this series. This 
author reported that spinal anesthesia caused an immediate improve- 
ment in his patient. Walzel’s case (reported by Kaps and Walzel, 
1930-1931), was fortunate in that operation was done 40 minutes after 
onset. The patient was a man, aged 38 years, with endocarditis lentn. 
An abdominal approach ivas used and there was a good result with 
restoration of the dorsalis pedis pulse on both sides, but death oc- 
curred from the cardiac condition twenty-five days later. Necropsj' 
revealed no local recurrence. IVikle and Cabot (1943) reported an aortic 
embolectomy performed foi\r hours after the lodging of the cmbolii.s. 
The left leg was saved, but amputation of the right had to be performed 
two weeks after the original operation. Two weeks after this the juitieiif 
died. 

Groth (1939) concluded from a study of 46 embolectomies done at 
the Surgical Clinic, Uppsala, that in cases of embolism at relatively 
inaccessible sites (e.g., aorta, common, and external iliacs) the follow- 


ing rule should be adopted ; 

"Bei Operation von pei-iphei-cr Embolic mit schwei- zugangliehor 
Lokalisation soli in erster Linie refroperitoneale lUmuitei-melkimg des 
Emboffis und Arteriotomie an Icieht zuganglichei- .Stelle versucht wer- 
den und erst wenn dies nicht zum Kesultat fiihrt. soli man zu ver- 
hen mit rctrograder Sondierung ubergehen, evtl. danacli zu direkter 


Embolektomm series of 46 cmboleetomie.s. there were aortic cn.se.s, 
^ 1 and 1 by retrograde .sounding without refiioval 

4 treated by J,,,,, „,i., eerie., ),•) li„„, I 

of the ein30 I • ' 7 gQiiuclitiir in 22 cases (5 aortic bifurcation, 

to 9 times for rctio^iau 
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Our only case of aortic emboleetomy ^vas unsuccessful mainly be- 
cause of the long duration. It is noted in Table II that in 14 cases 
ivitli the duration in hours recorded, all but 3 ivere six hours or less. 
Tliere were 10 men and 6 women, and 11 of 15 Avere betiveen 3S and 56 
years of age. In all but two stated cases the origin of the embolus 
was in the heart. The transperitoneal approach was used five times, 
the retrograde milking method (Xystrom) four times, the retrograde 
probing method three times, and the lumbar or abdominal retroperi- 
toneal approach (Usadel or Murray) five times. All the patients re- 
covered Avithout amputation, but only 7 are knoAvn to hai'e liA’ed for 
more than one year after operation. 

The best group of eases of aortic embolectomj’- is that of Murray 
(1943), Avho reported five successes. The circulation Avas restored in 
all five cases and the impending gangrene of both legs in each instance 
was immediately replaced by extremities Avith normal circulation and 
function, thus tz'ansforming the picture to that of the original healthy 
state. An extraperitoneal abdominal approach Avas used in all eases, 
extending from tAvo inches al)ove the umbilicus to the pubis as a right 
paramedian incision. Heparin Avas used at the time of operation in 
all instances. As it is assumed that these five eases include and are 
duplications of those briefly mentioned by jMurray in 1941, these earlier 
cases are not included in Table II. It also is to be noted that 3Iurray 
speaks in his 1943 article of five successes, but gives six case reports, 
tAvo of the patients dying of other causes on the second day. There- 
fore, if these are excluded there were four successes, if not, six. It is 
not apparent Iioav IMurray considers he had five successes; onlj' four 
are included m Table 11. 

The report of our case is as folloAvs. 

Case 4. — J. L., a man aged 53 had diarrhea nith black stools tno Aears 

before the illness for which he was admitted to the hospital. For six months he had 
suffered from heart tioiible and had lost ninety pounds in weight during this period. 
Oil Christmas da\, 1040, he had diarrhea and was admitted to the hospital the ne.\t 
day. The first night he was m the hospital he had set on stools. At 7:30 .v.M. on Dec. 
“0, 1940, he had a sudden onset of pain in both legs with loss of sensation, niothe 
power, and normal warmth At first a diagnosis of a neurologic condition was made 
by the resident staff, but tlie next da\ the patient was seen for the first tunc bv Dr. 
Gram who immediately iiuide a diagnosis of occlusion at tlic bifurcation of the aorta. 
At this time no pulsation was felt below the epigastriuni and there was marked cold 
ness and beginning color ihangcs in both legs. 

One of us <H. X. H ) was iniiiiediately called in consultation. The patient's eon 
dition witlioiit operation seemed hoi>elc«s, but with operation api>enred to be almost 
equally as Ind because of the length of time .since the lodging of the embolus 
(twentj nine hours). Operation was decided upon as offering the only hope for the 
patient s life. prcoperatiie diagnosis of straddle embolus of the aortic bifurca- 
tion was made. A preliminary bilateral paiaiertebnil lumbar block of noiocain was 
done without anj demonstrable effect on the temperature of the legs. Operation was 

emboir Pmbable lodging of the 
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After operating the patient’s condition gren iior=e, there «as no recorcrj- of the 
circulation in the legs, and repeated temperature studies shoi\ed no improvement. 
He died at 1.20 a Jt. on Dec 31, 1940, twelve hours after operation. Heeropsj 
revealed almost complete intimal occlusion of the left iliac aiterj, ulceration of the 
abdominal aorta with periarterial inflammation and intiaarterial organized thromho 
Sis. There were also organized tlironibi in the light iliac arterv tVliile this case 
maj hare had an embolus of the abdominal aorta giaffed upon the older thrombotic 
and ulcerative process, this latter was probabli’ the moie important condition of the 
two It IS practically certain that without operation the patient would have died 

Choice of Tieatnient and Decision as to OperaJnhty . — ^Because of the 
urgencj’- of the situatiou, early diagnosis and prompt decision are 
essential As in pei-forated peptic ulcer and many other surgical con- 
ditions, the number of hours after onset is one of the chief factors 
affecting the prognosis Thus, Funck-Bi entano (1936) advised the 
following treatment of a peripheral arterial embolus depending on how 
long after the onset the patient is first seen. 

1. Before ten houis emliolectomy plus vasodilator j' and spasmolytic 
treatment (paravertebral, sympathetic injection, papaverine, and 
acetylcholine). 

2 After ten hours arterieetomy plus vasodilator y and spasmolytic 
treatment. 

3 Late eases arterieetomy 

In Key’s (1936) seues, 34 operations ueie peifoi-med within ten 
hours of the onset of symptoms, and of these patients, 19 (55 8 per 
cent) regained normal circulation The lesults m the later eases were 
not so good Sehein (1935) also pointed out the value of early opera- 
tion. Linton’s results with various tieatnients aie shovvni in Table in. 
In discussing the need for early operation. DeTakats (1936) stated, 
concerning his senes of 15 aileiial embolism eases, that in only 5 could 
exploiation be done and only two were seen in the fiist 30 bouivs. 
Ilainioviei (1937) had the following system 

A. Under 12 hours 

1 ileclical treatment should be tentative and should not 
delay further indicated therapy mote than 30 to 60 minutes 
iiledical tieatmeiit includes 

(a) Lumbar block of novocain 

(b) Papaverine 

Twill lU 
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1‘eraiotomy iiiciM-on, going (1, rough a 
. ' . <c nitery wns espoi-cd above Pouparf's ligament. The inferic 

werol ® ^““'■‘=0 of collateral supply to the lej 

^^ore sacnfieed h tl„s foct f„,ly in mind to enhance the exposure in this marked! 
oeso patient. The cord and associated structures were pulled donnward. The ar 
ery la no pulsation. It was opened. The wall was sclerotic and fragmented 
ihero was no definite clot present and no free blood. A No. 10 catheter conlt 
not bo introduced more than one and one-half inch upward, whereas a Ho. 22 eathetei 
could only be introduced about four inches. Flushing out with saline solution and 
rapid withdrawal of the catheter produced no result. It is of interest that .autopsy 
later revealed that the diflSciilty in putting the catheter upward wa.s due to narrowing 
of the lumen rather than to thrombosis or embolism. 

Following this, tlie abdomen was opened tlirough a lijpogastric incision, extending 
from a little to the left of the umbilicus to near the pubis, cutting through the edge 
of the rectus sheath on the left side. No free fluid was present. The intestine.^ were 
slightly darkened in their contents but the walls were quite viable. A diagnosis of 
some free blood in the lumen of the intestine was made but this proved at autopsy 
to be erroneous. Through very dense fat and markedly adherent tissue, which was 
later shown at autopsy', probably to be secondary to ulcerations of the aorta, this 
vessel was exposed near the fourth lumbar vertebral body' and an incision was made 
one-half inch away from the aorta on the conimon iliac artery. This artery was 
also markedly' sclerotic, A catheter could not be inserted downrrard, in spite of the 
fact that no thrombus was present at tlie site of opening and autopsy later disclosed 
this to be due to marked decrease in size of the lumen due to thickening. 

The catheter was placed upward and fluslied with very little result, but later, a 
No. 16 catheter was pushed upward about eight inches and definite blood obtained. 
Finally', using tlie finger to massage the lower end of the aorta, several fragments 
of elot were obtained, with relatively free pulsatile bleeding. Following this, in or- 
der to be sure tliat tlie right iliac aitery was open, a vertical incision over the femoral 
artery on the right side was made below Foupart’s ligament, and the artery exposed. 

It, too, had no pulsation. It was opened. A catlieter could be placed up about six 
inclies with no free blood obtained. There was still no pulsation in the aorta except 
one inch above the bifurcation but finally with mas.saging, anotlier large segment 
of clot came out from the bifurcation and a very steady- pulsatile flow of blood 
came out through the hole in the left conimon iliac. A definite clot was felt in tlie 
right common iliac, but despite considerable effort, we could not displace this. 

The patient’s condition was becoming poor. Try as hard as \vc could, we could 
not remove this clot on the right, and because of tlie poorness of the patient ’s con- 
dition, it was decided to sew the openings in tlie vessels. First that in tlie left com- 
mon iliac was sewed, then that in the left external iliac, and then it was found that 
there was no pulsation any more in the lower aorta or left comnioii iliac, .so that 
the left common iliac had to be reopened and another large clot removed, this time 


followed by even better bleeding from the hole in the left common iliac. This was 
then closed but at that time only a slight flow of bright red bloo.I, with practically 


no piil‘^tition, cnn\c ----- -- 

left external iliac, no blood flow at all occurred, in spite of eicry effort. All (he 
wounds were then closed, using interrupted skin silk for the iimi.sion oici the right 


out of the hole in the right femoral artery, whereas from the 


continuous licaiy silk for the peritoneum, interrupted siher a ire for 


femoral of the rectus of the abdominal incision, and through and through 

the anteri jnrision over the left c.xfcrnal iliac artery, nhich 

vaperiton 

The patient left the 

gOO- _ 

because of the serious condition of : 


heavy wire - „ _ 

w,a3 entirely ‘ operating room quite conM-ioii-i hut still irrational, uith a 


iiiB „ro«iirc but we held forth no hope of eiciKual rccotcry 
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wliere betiveen 10 and 15 degrees below the horizontal position. The 
use of heat is also less popular than formerly. 

The chief modes of treatment, to be discussed in detail, include: 


1. Sympathetic block (and lumbar sympathectomy) 

2. Periarterial sympatheetomj'' 

3. Arteriectom}’- 

4. Heparin 

5. Papaverine and related drugs 

6. Alternating iiositive and negative pressure 

7. Amputation 

8. Embolectomj’- itself 


1. Sympathetic Bloch and Lumbar Sympathectomy . — The impoi’tance 
of sympathetic block in cases of arterial embolism should be borne in 
mind. Since the use of sympathetic block is Imsed on relief of arterial 
spasm, a discussion of this condition which is a usual concomitant of 
embolism will now be given. Xystrom (1936) pointed out that arterial 
spasm is the cause of the slow pulse return noted after embolectomy. 
The spasm caused by the internal iiritation of an embolus is much like 
that caused by external irritation of an artery, producing “traumatic 
segmental arterial spasm” a.s reviewed bj’' Montgomery and Ireland 
(1935) as well as in an editorial in the Lancet (1941), and of which 
several cases were reported as having been seen by Gage and Ochsner 
(1940). Akesson (1937) and Duncan (1938) also believed that there 


was a spastic element in eases with arterial emboli. The ease of 
Pridie’s patient (1943) with gangrene- of the leg following arterial 
contusion also demonstrated a vascular spasm. Despite the relief of 
the local spasm ))y e.vploratory operation, gangrene resulted. 

DeBakey, Burch, and Ochsner (1,939) approached this problem ex- 
perimentally, stating: “It is eviilent that a chemical irritant placed 
either in the lumen of the main vein of the extremity or in the peri- 
vascular tissues of this vein produces a niai-ked diminution of this 
volume (51,6 per cent) of peripheral pulsations. However, interrup- 
tion of nerve pathways by local infiltration with procaine hydrochlo- 
ride at the site of the chemical irritation or by resection of the lumbar 
ii.vmpathetic ganglia and chain abolished this effect.” 


In mo.st ense.s .sympathetic block (lumbar in the case of the lower 
limb; stellate ganglion in the ca.se of the upper limb) is advised. Such 
m.jections of novocain were csiiccially recommended by Leriehe Fro- 
iiicnt. and Vachon (1934). DeTakats (1936). Funck-Brentano (1938)^ 
Bavdm and Wood (1941), and DeTakats (1942). Gage and Ochsner 
(1940) reported on the use ol sympathetic block in four ca.ses of 
embolus of the femoral artery. In one case the embolus was removed 
after sympathetic block, but in all four cases the results were food 
Hoome (1941) was also one of the early advisers of .sympathetic block- 
ade ni the mauagenieut of arterial embolism and tlirombosi.s. In both 
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Medical treatment, if successful, continues two to three days. 
If it fails, use one of following: 

2. Embolectomy 

3. Arleriectomy (if Avail is damaged, if poor condition of 
patient demands extreme haste, or if secondaiy thrombosis 
oecnrs) 

4. Lumbar sjunpathectomy, especially as ad.juvant to iliac 
or aortic embolectomies AA'hen done by^ the abdominal route 

B. OAmr 12 hours 


Again medical treatment should be tentative 

1. Embolectomy rarely, but more often in aoi’tic bifur- 
cation eases. In such instances this should ahvays be accom- 
panied bj' a lumbar sympathectomy 

2. Arteriecto2ny, in most eases 

IlaimoA'ici concluded in this regard: “Quelle que soit la methodc 
chirurgicale applique, les infiltrations [of the sympathetics] ou les 
injections cI’enpavArine doAent ton jours etre associees." He also 
pointed out that after unsuccessful embolectomy, about 45 per cent of 
the cases survive after amputation. Gritfiths (1938) stated: “It is 
never the operation Avliieh kills these patients, but the disease AvJiich 
makes the operation necessary.” In deciding Avhether or not to op- 
erate it should be borne in mind that the danger of gangrene after 
embolism is greater than after ligature, probably because of secoJidaiy 
thrombosis as Avell as the underlying cardiac condition. AVstroin 
(1936) pointed out that the operation is less apt to be successful in 
old people or in those Avith diseased A'^essels. As to the general oper- 
ability, Lund (1937) stated that he operated upon 27 out of 55 patients 
(25 embolectomies, 2 explorations of artery). 

The indications for embolectomy have been bi'oadened somewhat 
since the time of the first successful peripheral embolectomy in 1911. 
At that time, Mosny and Dumont set down the following rules: 

“Les embolies A’aseuiaircs cnlrcnt done maintenant dans le cadre 


des affections medieo-ehinirgicales, mais a condition qu’ellc.s soieiif 
aseptiqires, qu’elles soient operecs rapidenumt, que le sujet soit jeune, 
que scs arteres soient saines, que I’cmbolic soit facilcment abordable.’’ 

Pemberton (1928) states; “There is no established operative piwe- 
dure of equal simplicity, fz-aught Avith so little i-isk and Avith such 
dramatic potentialities, tlmt has been so woefully neglected as em- 
boieefomy for ehridatoiy disturbances of the e.xtremities.” 

Peneral treatment i/ieludes con.servative management with ma.s.sagc, 

‘ The genei-al caJ-e of acute arterial ob.struction in 

heat, elev.at on, a «■ ,,,,3.,^ 

the extreuu ic e,„|,o];e olwli-iietioii .slmiilii 

and othere^ instead should be in a dependent position, some- 
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rather than on the obstruction itself. Sehein (1935) also recognized 
the importance of the vasospastic element. Keferring to obstructed 
arteries, Leriche (1927) stated; “The thrombosed arterial segment is 
no longer an arterj^ inasmuch as all arterial function has disappeared, 
but constitutes a sjunpathetic nerve in abnormal condition.’’ 

Haimovici (1937) did much expei-imental vmrk on the problem of 
arterial occlusion. From this work he concluded that one of the chief 
elements in the pathologic physiology of pei-ipheral arterial embolism 
is a vasoconstrictor reflex. This reflex originates from stinntli in the 
adventitia of the involved vessel at the point of blockage. One of the 
chief aims of therapy should be to suppress the vasoconstrictor reflex 
are, either by acting directly on the reflexogcnic zone (embolic seg- 
ment) or indirectly by attacking the reflex arc at the origin of the 
vasoconstrictor nerves. 

Other work indirectly applicable to this subject is that of hlulvihill 
and Harvey (1931) who found that simultaneous i-emoval of the lumbar 
sympathetic ganglia would prevent the lowering of temperature (10 
to 30° p.) of the affected limb which normally aceompaines the liga- 
tion of the external iliac artery. Harvey and Halpert (1931) showed 
that the temperature-sustaining action of the sympathectomy occurs 
even when spinal cord section or posterior root section has been done. 
Furthermore, the two latter procedures have no effect in preventing 
limb temperature decrease after external iliac artery ligation. 

All of this work also supports the rationale of the second and third 
forms of treatment discussed below. 

2. Periar ferial Sympathccfoinij . — In most eases of emboleetomy, more 
or less of a periarterial sympathectomy is done in freeing the artery. 
Special emphasis has been placed on this stage of the procedure by 
Haimovici (1937), who pointed out that periarterial sympathectomy 
serves a double purpose. It removes the damaged adventitia and it 
prevents conduction of the spastic sympathetic refle.xes. Sehein (1935) 
and others have pointed out that the periarterial sympathectomy inci- 
dental to the exposure and stripping of the vessel serves as a tem- 
porary aid to collateral blood flow and to the removal of the embolus 
and adjacent thrombi. Periarterial .sympathectomy has been used bv 
Leriche for many years for a variety of arterial lesions. It relieves 
vasospasm, but not a.s completely as a cervical or lumbar sympathec- 
tomy. The latter operation is too .severe, however, for use in the.se 
gravely ill patients, .so the use of arterieetomy has been substituted. 

3. Artcricefomy . — The first arterieetomy for peripheral arterial em- 
bolism was clone by Tixier in 1907. In 1924, Leriche advocated the 
procedure as a means of preventing secondary thrombosis and of stim- 
ulating collateral circulation. This .'Stimulated interest and mimeroiis 
authoi-s performed arteriectoniies for this condition, especially in Franco 
Haimovici (1937) eolleeted reports of 17 artericetomies with 12 .snc- 
resse.s (70 per cent). Success occurred most often in instances of 
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his cases the relief of pain was quite marked following this procedure 
Mdiile previous large doses of morphine Avere relatively ineffective. In 
both cases, hoAvever, amputation had to be done. 

iMeyer (1940) had a 46-yeav-old male patient rvith eAodent einbolism 
of the left iliac artery. ParaAmctebral nOAmcain injection Avas done in 
the left lumbar region and exploration Avas then made of the femoral, 
popliteal, and tibial ai'teries. In each instance no Aosible pulse Avas 
present, but palpation did rcA'eal pulsations. An incision in the tibial 
artery rcAmaled a good floAv of blood. It seemed cAddent, therefore, 
that the collateral Amssels A\'ere opened by the paravertebral injection 
as eAudeneed by improAmment in the temperature of the foot. The 
patient recoAmred except for a slight necrosis of the skin of the foot 
in several places. 

Alcohol injections are less popular, but have been used occasionally. 
Thus, DeTakats (1937) used a 2>araAmrtebral alcohol injection in the 
treatment of oire case of postembolie occlusion. 

Actual sympathectomy, chiefly lumbar, has been utilized. Thus, 
Bedrna (1936) of Kbniggratz, Czechoslovakia, reported tAvo cases of 
embolism of the femoral artery treated by lumbar sympathectomy Avith 
healing. The first patient, a man aged 64 years, Avas treated for two 
days Avith novocain infiltration of the lumbar sympathetics on the 
affected side Avith only tempovnry relief after each injection. At the 
level of the second lumbar ganglion, 20 c.c. of 0.5 per cent novocain Averc 
injected at six and fourteen hours after onset. On the tliird day the 
third and fourth lumbar ganglia on the affected side Acere excised AA'ifh 
healing four months later despite a pulseless femoral artery. Bedrna ’s 
second ease, a Avoman, aged 66 years, with eavdinc decompensation, 
also had an embolism of the left femoral artery. TavcIvc hoiu's after 
onset, AAothout preAuous novocainization, excision of the third and 
fourth lumbar ganglia Avas done Avith prompt relief of pain, improve- 
ment in appearance in nine hours, and recovery of the patient and of 
the limb despite an absent dorsalis pedis and popliteal pulsation. It is 
of interest that the cardiac edema di.sappeared Jiiueh moi-e rapidly on 
the side operated upon than on the other side (e.g., twelve Aveeks after 
operation, left leg edema-free ; circumference of right thigh, 44 cm. ; 
of left thigh, 40.5 cm.; of right knee, 27.5 cm.; of left knee 26 cm.). 

It is of interest that Bedrna reported paresthesias in one of his pn- 
ttenfs treated bv lumbar sympathectomy. Besides the tAA'o eases of 
lumbar sympathectomy reported by Bedrna (1936), Ilainioviei (1937) 

lists two others with beneficial results. 

in the basis of .sympathetic dj'.sfiinetion in tlie.se 
to rest on a firm foundation. Funek-Brentano 
French a'icaa-s on emboli.sm, lays most emphasis 
disturbance.s caused by the local obstruction. 


The vascular spasm c 
cases seems, therefore. 
(1938), in .summarizing 
on sympathetic reflex 
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continues to threaten despite emboleetoIn 3 ^ Arteriectoni 3 ' has been 
less successful in the hands of Fere.y (1935) ; ilathieu, Gerard-lMarehant, 
and Lajice (1935) ; Soupault (1935), and Schein (1935). While the 
words of Fontaine that “a good avterieetomj' is better than a bad 
emholectoinj"” uiaj^ be true, those of Griffiths that “a good enibolee- 
tomj' is best of all” are even truer. In general, Leriche will do eni- 
boleetomies in patients seen early, but if postoperatively the pulsations 
disappear once more as evidence of rethrombosis, he reopens the wound 
and excises about 10 cm. of the vessel at the site of obstruction. Leriche 
(cited by Pampari) stated: ‘‘L’arterieetomie est toujours suivie d’une 
vasodilatation active, avee hj'perthcrmie dans le segment d’aval, a 
condition, evidemment, que les voies peripheriques superfieielles et 
profondes soient libres.” 

Gregoire (1939) also advised arteriectomj' in peripheral arterial em- 
bolism. He based his preference for arterieetomj’ over embolectomj' 
on the experience he had with a ease of what he calls “useless em- 
bolectomj'.” An embolectomj’^ was done for obstruction of the right 
femoral arteiy. Twent.v-one days later the patient was able to walk, 
but pulsations below the operative site were extremelj’^ weak. To de- 
termine the cause of this, the arteiy was e.xposed for arteriograply 
and it was found that throughout the length of Hunter’s canal, the 
artery was completely occluded. Thus, despite the ai^parent success, 
the embolectomj’’ was useless. Gregoire then postulated upon how 
maiy other cases reported as successes in the literature might not simi- 
larly be usele.ss emboleetomies. Some eases where necropsj' or subse- 
quent reoperation, such as those of Ke.v. Nj'strom, Westerborn, and 
others, proved competenc.v of the vessel following the first operation 
could not be doubted. Others, however, had no such proof. Because 
of this, Gregoire concluded ; 

‘L ’obstruction embolique des arteres principalcs des membres doit 
ctre traitee par I’arterieetomie. Cette operation evite la thrombose 
arterielle secondaire ct le spasme des colintth'ales, de qui depend le 
proiurstic.” 


Othei- advocates of artcriectonn- include Schein (1935), DeTakats 
(1942) and Atlas (1942). 

l^'ot all the reports on this procedure, Iiowever, are favorable. While 
beriche. I'Antaine and Duperfuis (1937) reported excellent results fol- 
lowin': arlericctomy in a series of 7S ca.ses (34 tlu-omboangiitis obliterans. 
33 arteriosclerosis, 6 traumatic. 3 embolu.s, and 2 s.vphilis) with only 
19 total bad results, it is to be noted that in all three of the embolus 
mises )vsul1s were bad. Thus, tliis article can be quoted as favoring 
arteriectomy in some cases, but not in embolu.s. Soupault (1935) found 
no benefit from iliac arteriectomy in his case. Hathicu. Gerard-iHar- 
vbanl. ami Lance (1935) also bad a failure after femoral arteriectomy 
In conclusion it may be state.l that the two chief conditions for 
.nteneetomy are (1) late ca.ses (over twenty-four hours aecordin-r to 
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Tabm IV 


Arteriectomy for Peripherie Akteriae Emboeism (Prom HiUiiovici) 


artery 

ARTERIECTOMJES 

surcESSE.s 


Bracliial 

4 

4 


Popliteal 

?, 

2 


Femoral 

7 

6 


External iliac 

o 

0 


Internal iliac 

2 

0 



brachial, femoral, and popliteal embolism as shown in Table H'. After 
Leriehe’s championing of this procedure in 1924, between that (late 
and 1934, successful cases were reported by Gvegoive, Jonre, Longeron, 
R. Bernard, and Baillat. Gallavardin (1934) pointed out that an 
arteriectoiny has two aims-, to decrease sympathetic reflex stiimili and 
to prevent propagating thrombosis. 


Leriche, Froment, and Vachon (1934) reported the case of a woman, 
aged 54 years, on whom they performed an arteriectoiny for embolism 
of the femoral artery. This was done five hours after lodging of the 
emholus and was followed eighteen hours later by a novocain infiltra- 
tion of the lumbar sympafhefics on the same side. Ten days later the 
limb and its circulation were entirely normal. Percy (1935) did an 
arteriectomy of the brachial artery at the same time ns he peyforiiicd 
an axillary embolectomy. The operations were peifornied thlrty-\^^o 
hours after the onset and all the clots could not be removed. Gangrene 
resulted and amputation was performed at the elbow. 

Leriche, Froment, and Vachon (1934) listed the types of case m 
which they believed arteriectomy is indicated : 

(1) Where, because of the condition of tiic patient, speed is essential. 

(2) Where, on performing tlie embolectomy, tlie arterial wall is omn 

to be damaged. 

(3) 111 late cases seen after tweiit.v-four hours. 

(4^ Where after emlioleetomy and suture, there is secondary thr n- 
, T iiu, quite poeeible tl,.t thie l.sl i.ulic.tiqn .vill eoWon. I*? » 
I;) ■ thq.h,ep.’ri„ is ...ilieecl in ,»os, c.se, ef emWeeio...,-, >,<1- 

1 T)o7-o-pf /IbSTt reported a case where emlioleetomy 

t,e” ■ Ss 'ire I,;,. '. ..e. do, « os 

of the femoial J Because of this an arteriectomy was 

operation vehej ,„ni 

done with lesnli. ,, „f /.nll.itcivil cireiilatmn. arten- 

w 

eetomy 
Leriche 
Leriche. 


■ 1 - 

by 

of 


one with f ‘ j;.' ^ jg paucity of collateral circulation, arter 
■hen artenograi . Arterieetomy ha.s also been attvi.sed b, 

3tomy Duportnis (1937) and by various Jiupi/s o 

icriehe, roni.ni'b., 

TMiiuieri (1939) advised arterieetomy if Ibe eiido- 
Oiie 1;,, I'olii appears damaged, if tiie operation is Jier- 

thelhim under the oinbohsm. or U vangreue 

formed tweuty-foui oi 
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heparin has recently been reviewed by Ziff and Chargaff (1940). 
Groth (1940) was one of the first to use heparin in conjunction with 
embolectomy. 

In the United States, the group of workers at the Henry Ford Hos- 
pital was among the first to use the newer heparin preparations clini- 
cally. The writings of McClure and Lam (1940), and Lam (1941, 
1942) should be consulted as reporting the z-esults of this group of 
workers. The mechanism of the action of heparin has reeentlj^ been 
studied by Murray, Jaques, Perrett, and Best (1936), Lucia and Ag- 
geler (1939), Fischer and Astrup (1939), Nystrom (1939), and Ziff and 
Chargaff (1940). Heparin used clinically, is of five kinds: (1) That 
purified by Jorpes method and obtained from the Karolinska Institute, 
Stockholm, (2) “Vetren,” a heparin solution marketed by Promonta 
Chemisches Fabrik, Hamburg, (3) heparin purified by the methods of 
Charles and Scott, and available from the Connaught Laboratories, 
Toronto, (4) heparin solution supplied by Hoffmann-LaEoche, Basle, 
Switzerland, and more recently (5) heparin prepared by several Ameri- 
can firms. Heparin can be neutralized by protamine, 1 mg. of the lat- 
ter neutralizing 0.3 mg. heparin in vitro or in vivo (Mason, 1939). 
However, this has little clinical application since protamine is toxic if 
administered in any form intravenously. Nystrom (1936) used inter- 
rupted sutures in his embolectomj'- eases. He stopped any small spurt- 
ing of blood with prolonged application of the gloved finger tip. Such 
technique is not applicable to heparinized patients and in general, in 
such instances, the arteriotomy wound is closed with a running silk 
suture. Dicumarol has little applicability to tJiese eases since its de- 
layed action makes it unfit for the emergency procedure of embolectomy. 

Heparin has also been utilized by Bancroft (1940), Priestlejq Essex, 
and Barker (1941), and by Lesser (1943). Bancroft and Glide (1941) 
reported the .successful operation of embolectomy for a femoral em- 
bolus, 48 hours after onset of sj'mptoms, by the use of a retrograde 
suction procedure. They further attiubuted the success of the opera- 
tion to the combined use of heparin and pavaex treatment. Liudgren 
(1939) used heparin .sueee.ssfully in two cases, advising 0.5 per cent 
thionin locally in the wound to counteract the heparin effect. Eavdin 
and Wood (1941) used heparin in conjunction with their successful 
aortic embolectomy. :Marshall and Vary (1942) reported the success- 
ful use of heparin in conjunction with embolectomy for removal of an 
embolus of the external iliac artery. 


One of the chief advocates of the u.se of heparin in conjunction witl 
embolectomy has been .Murray of Toronto. In 1940, this author statec 
that the results following embolectomy with heizarin were better in hi< 
e.xperienec than those following the u.se of the pavaex boot. :Murra^ 
0940) performed experiments on dogs to test the effects of henaiV. 
in embolectomy. Peril, heral vessels in dogs were plugged with foreigr 
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Jeanneiiey and Darget [1937]— possibly longer when heparin is nserl), 
and (2) damaged arterial wall. When the collaterals are known to he 
poor, arterieetoray is often contraindicated. Arteriectomy should ns\i- 
ally be performed so as to remove 10 cm. of vessel from the site of the 
exploratory arteriotomy down to, but not past, the ne.xt collateral. 
The value of arteriectomy is that it causes a peripheral vasodilatation 
if the collateral vessels remain intact as shown by Leriche, Fontaine, 
Gregoire and Jouve, Bernard, Carcassonne, and Jeanneney and Darget. 

4. Heparin. Heparin has been advised in the treatment of peripheral 
arterial embolism by several author’s. In practically all instances such 
advice applies to the use of the di’ug in conjunction with surgical treat- 
ment rather than as a definitive mode of therapj’ in itself. Murray 
(1936) reported emholeetomy performed on 17 patients in a series of 30 
eases of peripheral arterial embolism seen at the Toronto General Hos- 
pital in the five-year period, 1931-1935. It is of interest that during 
this period there were 126 total cases of embolism distributed as fol- 
lows : pulmonai'y, 56 ; cerebral, 35 ; central artery of retina, 3 ; coro- 
nary, 2 ; and peripheral arteries, 30. Of the 17 patients operated upon, 

9, with 11 operations, were alive and well with adequate efreiilatfoii to 
the extremity. Of tlie remaining 8, one was alive with ampiitation, 
while the others died. However, in all eases of death the eirciilation 
had been restored to the limb. 


While Olovson (1938) did not use heparin in his cases, in discussing 
them in retrospect, he wondered if, as a prophylactic measure against 
secondary thrombus formation, heparin might not be of value. Olovson 
(1939) carried on experiments to test the eJfieaey of heparin (Jorpes) 
in treatment of ai'terial emboli. He suggested local use as well as 
general intravenous injection and also suggested that the .suture mate- 
rials be prepared with heparin. In experiments on dogs and rabbits, 
he found that a local hemostyptic would control local bleeding and 


prevent hematoma formation. In none of his experiments did a .sec- 
ondary thrombosis arise. Heanley (1939) administered hepaihi to bis 
.second patient, a man, aged 67 years, with femoral emladus due to 
auricular dbi-illation. Ten thousand units were adminisfered intra- 
venously as soon as the arteiy had been closed and the eiiiboleetomy 
completed, and 45,000 units additional were given by continuous veiio- 
elrsis over a period of three day.s. Despite tJiis amount of heparin, 
o-nntrrene occurred and amputation was performed fifteen days after 
emholeetomy and four days before death. Fischer and Aslrup (1939) 
Towed that heparin is entirely inactive by mouth. iMurray and Hesl 
venorted the use of heparin in five emholectonncs with four rc- 
(1938) P mentioned the n.se of hepai-Jii. Jorpe.s (193!)) 

eovenes. ■> henarin reviewed its use in clinical and exiicri- 

in his monogi p Mason (1939) wrote an American re- 

mental instances lime. I’lio niceliaiiistn of action of 

new of hepann at about 
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left retina. Two days later on Kov. 6, 1939, at S A.ir. he developed sudden pain in 
the left leg below the knee with blanching and coldness. Intravenous heparin by con- 
stant drip was given both before operation and for five days postoperatively. After 
operation the patient was placed on the oscillating bed. 

Operation . — This was done b}- the senior author (E. D. JIcC.), at 11 a.m., three 
hours after lodging of the embolus. Local anesthesia supported by a little open drop 
ether was used to make a 10 cm. vertical incision over the patient’s left popliteal 
space. The popliteal artery was separated from the vein. Pulsation could be felt in 
the upper portion of the artery, but not below. All of the vessels were very sclerotic. 
A longitudinal incision was made in the artery and a partially organized nonadherent 
clot 4 cm. in length wa.s removed. A bulldog clamp was then placed on the artery 
above the incision to prevent bleeding. 
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Fip. 3. — Heparin chart of G. L.. Case .1. (tVe are indebted to Dr. C. R. Lam for 
preparation of tliis chart.) 


Clo.sure of the artcriotomy wound was effected bt- a continuous suture of fine silk 
wliich was reinforced with another continuous suture in the opposite direction. MTicn 
this wn.o done, the bulldog clamp was removed and the pulsation returned to the ves- 
sel throughout it.« length. There was practically no oozing of blood along the suture 
line. The superficial wound was closed. It should be noted that this operation was 
done with the patient under the influence of lieparin. This is the onlv one of our 
case.s in which heparin was used preopcrativcly as well as l>ostoperativelv. 

The pubations in tlie arteries in both feet were normal after operation and re- 
mained so. The patient developed anollier pulmonary infarct on the tenth post- 
operative day, but was alile to get out of bed on Xov. 27, 39.", 9. He wa.s discharo-ed 
from tlio lio'pilal on Dec. 14, 19.39, with complete restitution of circulation in the 
jiffected leg. Ho died of ecrcbml emboli.sm on Xov. 2(1, 1940, a little over a vear 
after openilion. dust prior to death c.xaiiiination showed a normal circulation and 
function of liotli legs. 

Tlie prompt diagnosi.s, early treatment, and complete removal of tlie embolus with 
the help of heparin led to n good result in this case. The emholivtomv gave this 
patient over a year additional life with entirely normal c.vtremitics (see Vig. .3) 
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bodies and blood clot and closed. The plugs n-ere removed after in- 
tervals np to seventy-two hours. In the earlier hours removal was 
easy, but later involved scraping off from the intima, usually followed 
by recurrent thrombosis. Heparinization, however, prevented this 
secondary obstruction and specimens removed a mouth later showed 
the artery to be clear of thrombi. In twelve clinical cases the vessel 
remained patent in all after embolectoniy with heparin and the circu- 
lation to the extremities wms maintained. Two patients died at inter- 
vals after operation and necropsy showed the vessels at the site of in- 
cision to be quite patent. Since one of these two patients who died 
had had the embolectoniy done twenty-five hours after onset, this 
necropsy finding is all the more remarkable. 

Murray (1940), in reviewing his expei-ience ivith heparin, reported 
twelve peripheral arterial embolectomies iierformed successfully with 
the aid of heparin. He stated, “If the lumen was completel}' cleared 
of the plug and the circulation restored, all the cases were successful 
when treated wdth heparin.” He introduced the drug into the vessel 
at the time of operation and heparinized the patients from throe to 
fourteen days iiostoperatively. One of his patients showed a residual 
anesthesia and loss of motion of the foot somewhat similar to that in 
our Case 12. Two patients died later and necropsy revealed that the 
arterial channels were quite patent. This patient of Murray’s was 
treated twenty-five hours after onset of symptoms of obstruction of 
both common iliac arteries. Murray concluded regarding embolectoniy: 
“From our experiences with the use of heparin in this operation, one is 
encouraged to believe that many more cases may be saved amputafions. ’’ 

In Murray’s last available complete report (1941) he described the use 
of heparin in conjunction with emboleetomy in twenty-six cases. 

The series of articles in the Acta IMedica Scandinavica. volume 107, 


1941, page 107, et seq., shoud be consulted. In the opening article of 
the discussion, Jorpes discussed the general aspects of the situation. 
Lindgren and Wilander considered the mse of heparin in vascular sur- 
o'cry. These authors reported the results of eight embolectomies done 
in conjunction with heparin on seven patient.s. One of the patients 
presented a bilateral popliteal embolism of four and one-half days’ 
duration with a successful re.sult on one side, but failure on the other. 
Kosmiqvist’s discussion on the usefulne.ss of heparin in combating ar- 
terial embolism and thrombotic complications discusses mainly the 

question of pulmonary embolism. 

■ c,g.^.ei,al of our own cases have been repoi'ted elsewhei-e in this emn- 
numieatiou. but the following e.xamples are cited at this point. 

f I -i ni.ui, aseit Year,', siiarereil from artiTiD-’clcrodc li'’:irl (!e< 
C.vSB 0 . • -'•> ‘ , .since or fjcforc, ancl nniH-anlial fiuliiri, »incc 

ease and auricu ar lie liad an infarction of llic riclit liini;. U'' '>a“ at! 

Jane, 1938. In . anu. tit.W, a"ain f«r ofi«‘criiition of rnyronlail 

niitted to the ho-pital on i .pippp,) acute omtriiction of tlic ^•l•nlral tirim of tfic 
failure. On X'ovctnbcr h he 
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Tliere was no improvement in tlie condition of tlie left leg and the patient’s 
cardiac condition grew worse. On the seventh day after operation, tlie patient de- 
veloped an embolism of the right leg and died the day after. 

Lam prepared the follotviiig notes on four of our cases ivhich re- 
ceived heparin and iviiicli are described in detail elsewhere in this 
paper. 

Case 4. — (J. L.). — Continuous heparin begun at 2:15 p.m. Initial clotting time 
was 3 min. 15 sec. Given 2 vials of heparin before death. Highest (longest) 
clotting time obtained was 5 min. at 11:00 r.lt. 

Case 5 (G. L.). — ^Reported in detail in the article by llcClure and Lam in 
J. A. JI. A., May 25, 1940. Necessary to discontinue heparin on account of con- 
gestive failure, and aggravation of si'mptoms from salt solution given intravenously. 
However, if more heparin had been urgent, we could have given it undiluted by the 
intermittent method. (See Fig. 3.) 

Case 9 (E. B.) . — Attempted embolectomy for embolus in left external iliac artery. 
This patient was heparinized immediately after the artery was sutured, by the in- 
jection of 3 c.c. of heparin, followed by continuous heparin by cannula in the right 
leg. Given G rials of Connaught heparin, 1,500 units per hour necessary to maintain 
the clotting time at the optimum level. 

Case 12 (G. G.). — Heparinized immediately after operation. Given 16 vials of 
Connaught heparin over a period of four days, about 1,500 units per hour neces- 
sary to maintain the clotting time, at the optimum level. Necessary to discontinue 
on account of bleeding from popliteal wound (see Fig. 7). 

5. Papaverine and Belated Drugs. — Paptoverine, introduced by Pal 
(1914), was fii:st used as an agent to relax arterial spasm in cases of 
arterial embolism by Denk (1934) of Vienna. Henseben (1935) used 
the drug in similar eases intravenously. Denk (1936) reported re- 
markable results from the intravenous injection of eupaverin (a Euro- 
pean Dlerck trade name for papaverine). In a series of ten of Denk’s 
own cases of embolism of the extremities treated with this drug, 7 pa- 
tients were cured, 2 died, and 1 reciuircd amputation. 

Papaverine, an alkaloid of the opium group, was first advocated as a 
means of relieving smooth muscle spasm by Pal of Vienna in 1914. The 
chief pharmacologic effects of papaverine are peripheral and it relaxes 
all types of smooth muscle without paralyzing them. Its analgesic 
effect is such that when given subcutaneously, about 40 mg. corre- 
sponds to 10 mg. of morphine. Papaverine hydrochloride in o-r. 
(0.03 Urn.) doses or sodium nitrite in 1 gr. (0.06 Gm.) doses given 
intravenously will affect the general blood pressure little or none at 
all, but will enlarge the venoeapillary portion of tlie vascular bed. This 
acts as a general peripheral va.sodilator. The clot it.self is probably not 
affected, but the peripheral circulation may be. Papaverine is an awent 
producing a direct effect on the smooth museles in the va.seular wall 
and has no reniole effect conveyed by the nerves. It is difficult to see 
how it can reach the affected ves.sel when the factors of the embolus 
It.self, postemholie thrombosis, occlusion of collaterals, collap.se of the 
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Case Br., a woman, aged 68 years, had a liistory of arteriosclerotic i.eart 

disease, arterial hypertension, and angina pectoris. On Oct. 8, 1941, slie liad a 
sudden attack of precordial pain followed in one hour by pain in the left calf with 
coldness and pallor. A diagnosis of embolism of the left femoral artery iias made 
and operation performed fourteen hours after the accident. 

OpemUmi (H. N. H.).~The patient was turned on the right side with the left 
side up, and opposite the second and third lumbar vertebral spine, an injection of 
10 C.C. of novocaine was made two fingerbreatiis lateral to the left side of the midline, 
and tuo tingerbreadths deep to the transverse processes, thus attempting to infiltrate 
the synipatlietie chain at this site. There "was a slight temperature response in the leg, 
indicating that the novocain went to the right place but the result was not striking. 
The patient was then placed again on her back and a vertical incision four inches 
long was made over the fossa ovalis. The femoral artery was e.xposed and opened. 
A small clot was brought out from the distal end. The wall of the artery was thick- 
ened, so as to be almost as thick as its lumen and somewhat irregular. There were, 
however, no ulcerations or incrustations on the lining. After removal of the small 
clots from the distal end, a very weak flow of blood came from it. There was no 
flow of blood" from the proximal end and there was no pulsation in the artery e.vcept 
as palpated by placing the finger high up near the bifurcation of the femoral. A 
probe and later a catheter were inserted into the artery. Both of these brought out 
practically no clots, so with finger milking, placing the finger up beneath Poiipart's 
ligament as high as we could reach, we milked out four portions of clot. These evi- 
dently came from the bifurcation of the femoral artery. 



Fig. 4. — Emboli from left common fcinoml .artery of H. Br.. Case (i. 

Following this, there was a free gush of pul.«ating blood with perfect freeing 
of the artery- and 1 c.c. of heparin solution was injected into the distal segment of 
the artery. A double row of lock suture with arterial silk wa.-i then made using one 
suture and reversing it back on it.self. Following thi.«, thcro was a .sliglil pul.^alion 
in the artery distal to the point of suture. We injected 6 c.c. total additional heparin 
in three doses into the artery by means of a liypodcrnuc syringe ami noeille. Wheti 
compressed the vessel, about one and one-half inch below the line of .suture, 
d leaked out at the .site of the suture more easily. Tim.s. nlthnugh lliere un- 
” "definite pulsation below the lino of suture, there was evidently a moderate floiv, 
"t wL estimated that wc had restored the circiil.-ifion to one third its eorreet 
so that 1 - vpparin was now injected. Further restoration was bnpossible be- 

amount. ^ gedlv constricted and .sclerotic nature of the vessel. We had no« 

cause of^t^ one-half inch of the ve.s«el at the lower end, to he sure that there 

was not a .several layer.s of interrupted silk. .\ rather Ince 

The wound patiVnf wnv fo ho oontUtuoti^ly 

elastoplast bandage uas '‘P ^ of JO c.e. of heparin into tho artery. 

During the operation she rcc 
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into the affected artery after embolectomy. No postembolic thrombosis 
occurred in his ease. 

In our own series papaverine was used in several instances, but as 
other treatments wei’e used at the same time, no conclusions as to its 
efficacy can be drawn. 

6. Alteniating Positive and Negative Pressure (Pavaex ). — The use of 
this method of treatment, either definitively, or in conjunction with 
other forms of therapy, was early popularized by Keid and Herr- 
mann (1933). Conway (1936) reported good results in several eases 
of embolism of the extremities with the use of pavaex. Burnett 
(1939) also found the method to be efficacious. Collens and Wilenskj^ 
(1937) reported favorably on the use of intermittent venous occlusion 
in the treatment of three eases of periphei’al arterial emholism. Linton 
(1937) advised embolectomy followed by pavaex as the best method of 
treatment. Edwards (1937) presented a modified pavaex boot for 
management of acute arterial obstruction. Herrmann (1936) reported 
on 7 patients with embolic obstruction of the extremities treated by 
the pavaex boot with 6 good results. Gh-aham (1937) reported im- 
provement in 6 out of 9 patients treated with a pavaex boot. He 
tended to favor conservative measures, e.speeially after ten hours. 
Ravdin and Wood (1941) used pavaex in conjunction with embolec- 
tomy. Linton (1943) found that intermittent venous occlusion was 
effective in treating a ease of traumatic thrombosis of the left external 
iliac arteiy. In this author’s previous paper (1937) his good results 
with the pavaex treatment arc all the more noteworthy when it is ob- 
served that in 2 cases the embolus was at the aortic bifurcation, 1 was 
in the common iliac and 2 in the popliteal arteiy. all notoriously diffi- 
cult locations. 

Not all articles on the subject arc favorable to this form of therapy. 
DeTakats (1934) wrote a preliminary report on the treatment of 
obliterative vascular di.sease Avith alternating negative and positive 
pressures. However. DeTakats (1936) reported little or no improve- 
ment in a series of 4 eases of peripheral arterial embolism treated with 
the pavaex boot. In another article in the same year, he found that 
the jiavnex boot was not nearly as efficacious as papaverine in the treat- 
ment of embolic obstruction of the extremities. The next year, how- 
ever, DeTakats (1937) used intermittent venous hyperemia in the 
treatment of one case of po.stembolie arterial occlusion. Piekroll 
(194:D opposed the use of the pavaex apparatus in periplieral arterial 
embolism. Wilson and Roome (1936) used the pavaex boot on three 
patients with leg embolism with one good result. The improved pa- 
tient ns well as one of the two with poor i-esults received papaverine in 
addition. Because of the .snmll amount of pavaex treafiiient given in 
the siieee.ssfiil case, tlie.se authors believei! tliat it could not account for 
all the improvement. No large scries of oases treated by a machine 
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artery because of drop in pressure, and reflex spasm aJ] contribute to 
ocnug 0 its access. Akesson (1937) shoived that intravenous 
eupaverm does not prevent secondary tiirombosis, while Groth (1939) 
s lov ed that direct intra-arterial injections were also ineffective in this 
regard. Groth (1939) and Lund (1939) believe that "the prospects of 
0 itaining any kind of effect on the arteries by intravenous injections 
of eupaA^erine are thus nonexistent or in any case I'ery small” (Groth) 
and the results of papaverine are "possibly not much better than the 
results of no treatment at all” (Lund). 

DeTakats (1936) reported on the beneficial effects of intravenous 
papaverine in a case of pulmonary embolism, another of acute jiei'ipheral 
thrombosis, and three eases of peripheral arterial embolism. Geisthovol 
(1938) advised eupaverine in eases of arterial embolism, but only as an 
adjunct to operation if the circulation Avas not promptly restored. He 
adAUsed its use not only intraAmnously, but locally in the iuA'oh^ed A'essel. 
Funck-Brentano (1938) advised 0.25 Gm. of papaverine (either intra- 
muscularlj^ or intravenously) and acetylcholine (0.1 Gm. intravenously 
or 0.4 Gm. intramuscularly) every 30 minutes for five to six hours. 
Funck-Brentano (1938) also belicA-ed that medical treatment of the A'as- 
cular spasm doesn’t take sufficient account of the action of the embolus 
as a starting point of thrombosis. He stated in this regard: "La 
therapeutique par action a distance (chirurgicale, anesthesique on medi- 
cale) nous parait devoir etre une action d’accompagnement e( non pa.s 
une action isolee.” Funck-Brentano (1938) concluded in this regard; 
"Le traitement medical doit demeurer, acttiellement, un adjuvant de la 
chinirgie. ’ ’ 

Other drugs have been used to accomplish much tlie same purj)ose. 
Funck-Brentano (1938) mentioned the use of yohimbine (a .s.vmpafhob'- 


tic drug). 

PerloAV (1940) reported slight improA'cment in one case of embolism 
of tile iliac artery first treated four days after lodging of the embolus 
Avith prostigmine (the dimethyl carbamic e.ster of m-oxyjihenyltrimethyl- 
ammoniuni methylsulfate). This same author reported impi'ovement in 
another ease of peripheral arterial embolism folloiving the use of prostig- 
mine. Yillaret and Juslin-Besangon (1926) first used acetylcholine in 
the treatment of arterial embolism, using 0.2 to 0.4 Gm. subeutaneousiy 
every thirty minutes for five or six doses. Ferey (1935) and Gia'goire 
(1939) used acetylcholine, Avhilc Ilcnschen (1935) u.sed aectyleholine in 


^^'FunX-Brentano (1938) slated: “Papaverine e( acetylcholine agi.s- 
de deux fagons differenles el leur association reali.se des effets plus 
^Tissants qiie ceux, qu’on pent obtenir par I'emploi isoh' de Fun (I'cnlrc 
^ Atropine is contraindicated because il siq.pi-esses conii)lelcIy the 

‘""The n.ay ahso be changed. Osding (193!») 

The lOAU folIoAVing the use ol eiifjavenn injected 



RECENT ADVANCES IN SURGERY 


779 


flow only slightly, but did not alfect the retrograde flow at all. Probing, aspiration, 
and injection of saline solution with a catheter were all performed to no avail, so 
finally the arteriotomy wound was closed with continuous fine white Chinese silk, fol- 
lowing which 3 c.c. of heparin were injected into the artery and the superficial wound 
was closed. Tliere was no improvement in the pulse or temperature in the foot or 
leg after operation. 

Left inidthigh amputation was performed on Jlay 19, 1912, four days after the 
first operation, and the patient got along well until September 26, 1912, when he 
died of a cerebral embolism. 

8. Embolectomy . — This is discussed in detail after a consideration of 
the technique. 

TECHNIQUE OF EJIBOLECTOMY 

Certain aspects of the technique will be considered in the individual 
case reports, but a general discussion of the subject will be made at this 
time. The importance of the collateral ve.ssels is shotra in Table Y. 

Hemsehen, of Basle (1935), has several suggestions for the technique 
of embolectomy: (1) For indirect retrograde embolectomy he uses a 
long corkscrew tipped probe, (2) for the same purpose he inserts a 
catheter with its opening at the end and applies suction from an electri- 
cally driven suction pump, (3) peripheral irrigation of the vessels at the 
end of the operation with 10 to 15 c.c. thorotrast or 20 c.c. equal parts 
normal salt solution and uroselectan for the combined purpose of arteri- 
ography and flushing out the vascular periphery, and (4) avoidance of 
all tight bandages after operation. 


T.\ble V 

SurEniOK LUIIT of ClnCULATOBY DISTOKBAKCE in PeKIPHERAI, ABTERIAI, EjrBOWS.M 




AUTHOR 

— - 

; SEXCERT 

i KEY 

BULL 

Aorta 

Crural arcade 

Crural arcade and abdo- 
men up to the umbilicus 

Crural arcade 

Common iliac 

Crural arcade 

Middle of the thigli or at 
the arcade 

Crural arcade 

Common femoral i 

Inferior fliird of 
the thigli 

Inferior third of the 
thigh, at the knee, or 
just below the knee 

Inferior tliird of 
the leg 

Popliteal 

Inferior third of 
the leg 

Superior tliird or between 
tbe middle and superior 
thirds of tlie leg 

Instep or inferior 
third of the leg 


Aiicsthcsia . — Local anesthesia is favored by most authoi-s. Embolec- 
tomy patients aie often severely ill and furthennore the operation is 
usually readily carried out under local anesthesia. Danzis (1933) 
Ecriche, Froment, and Vaelion (1934), ircnschcn (1935), Ilaimovici 
(1937), and (irotli (1940) arc among the many advocating this typo of 
anesthesia. Danzis (1934) advised regional or block anesthesia. Deitch 
(193G) used spinal, but Fontaine opposed .siiinal ane.sthesia as the 
method of anesthesia in embolectomy beeau.se the resultant hvpotcnsion 
mid local stasis inqiair still further the already diminished circulation 
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have been presented to date in which the results will at all compare 
wi t ose of surgical operation. Even where gangrene is averted, the 
imb in many cases is permanently impaired. Eeviewing the subject 
of erabolectomy in a recent editorial, Lund (1939) stated that he ques- 
tioned the value of papaverine and thought that operation was better 
lan the pavaex boot. In late eases, however, he believed operation to 
be contraindicated and the pavaex treatment the method of choice. 

7. Amputation. — In most instances a primary amputation is not ad- 
vised because in even the most serious cases a trial with medical man- 
agement is advisable. In general, all definitely gangrenous eases 
eventually come to amputation as do those first seen after too long a 
period since lodging of the embolus. This period may be extended 
somewhat by the use of heparin, but certainly the statement of 
DeTakats (1936) that amputation is indicated after forty-eight hours 
still holds true in the main. Reports of two cases in which unsuccess- 
ful embolectomy was followed by amputation are listed here. 

Case 7. — A. S., a man, aged 50 years, with arteriosclerosis and arteriosclerotic 
heart disease, had a sudden onset of pain in the right leg with absent piihscs, pallor, 
and coldness. A diagnosis of right iliac embolism was made and operation performed 
nine hours after the accident. 

Operation- (H. N. H.). — A right oblique incision just below the inguinal crease 
was made, exposing the right femoral artery. ITliile the artery was of normal size, 
it had no palpable pulsation. A longitudinal 1 cm. arteriofoniy incision wa.s made 
revealing a slow stream of blood coming from both direction.s, but while there was a 
very slight pulsation from above, there was none below. Probing downward for a 
distance of 30 cm. and upward for about the same distance with both a catheter and 
a probe, revealed no obstruction. Upon sucking the catheter out several times vigor- 
ously from the upper segment, the blood flow seemed to bo markedly improved but 
was still far from normal. We could do no more. After closing the artcriotomy 
wound with a double row of continuous line arterial silk, 5 c.c. of heparin were in- 
jected into the artery. There was no leakage and the superficial wound was clo.scd. 

The leg was not warmer after the operation. 

A midthigh amputation was done eight days after the first operation, and tho pa- 
tient was discharged from the hospital two months later. 

Case 8. — G. McC., aged 02 years, had a history of generalized arterio.sclerosis and 
old coronary occlusion. One week before admission he had anotlier coronary attack 
and on May 15, 1942 he was admitted thirteen hours after a sudden attack of pain, 
numbness, and coldness in the left foot. Examination revealed pallor and le“s of 
sensation of the left leg below the calf and absence of all pulsations of the left 
leg including the femoral. A diagnosis of left iliac emi)olism was made and opera- 
tion performed sixteen hours after the accident. 

0 ration (H. U.). — left paravertebral novocain injection was done willi 

^ ked effect. Palpable pulsation remained absent in the left external iliac 
no mar tc-sscIs below. The femoral artery was e.vpo-cd through an ohlir)nc 

artery ^ in<ruinal crease. The artery was pidsele.ss. A I cm. longitadiaal 

incision ^vns made revealing no retrograde piibatiori, a very slight retro- 

artenotomy OJ ^ pulsation from the proximal cn.I. A hlant prohe was 

grade ooze, .in uonsidendde distance meeting no ohstrnctimi, liiif on removing 

inserted upward tor. , removed. This iinpnncd the prrrxinial 

it a soft thrombus about o.' • 
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Aniicougulunis . — The use of heparin (discussed in detail elsewhere ii. 
this communication) is popular at present. Key (1922) used vaseline 
coated instruments and irrigation of the wound with 2 per cent sodium 
citrate. Henschen (1935) and othei-s also advised sodium citrate. 

Arleriograpltg. — Leriche, Froment, and Yaclion (1934) admsed ar- 
teriography to locate the embolus. 

Concomitant Ligation of Feriis. — Ligation was advised by Slakins 
(1922) and other authors, but not by Gage and Oehsner (1940). Larks 
(1934) suggested ligature of the accompanying vein in cases done too 
late for an emlmlectomy. On the whole this procedure has not been 
widely adopted. 

Repeated Embolectomy . — In some eases reoperation may be necessary 
and good results may follow even after several ti-ials. Harkins (1934) 
reported two attempts at embolectomy on the same patient, once on the 
left arm and once on the left leg. Groth (1936) collected 6 cases of re- 
emholectomy at the same site including one patient of his own with 4 
.separate emholeetomies, 2 at the same site. Deitch (1936) also reported 
an example of multiple embolectomy. A man, aged 44 years, had an 
embolus removed from the left common femoral artery in January, 1934. 
and one from Ijoth the right common femoral and left common iliac in 
Deeembor, 1935, with success in all three instances. Lindgron and 
IVilander (1941) did a bilateral popliteal embolectomy, successful on 
one side, but requiring amputation on the other. HacFarlane (1940) 
reported a case of multiple operations. 

i^Iixcctlancous Procedures. — Funck-Brentano tl938) discussed the use 
of thrombotripsy. Ncvihof's technique (1932) of intentional partial 
arterial occlusion as an adjunct to embolectomy was not adopted by 
other surgeons. Hainiovici (1937) pointed out the advantage of noticing 
after an embolectomy if blood comes from tlie distal end of the opened 
ves.sel. Emholectomy with ligature was suggested by Finch (1934), but 
Hainiovici (1937) points out that artcricctomy is better. Heidrich 
(1921) reported a 100 per cent mortality after ligation of the common 
iliac artery. Anastomoses with venous grafts were attcnqited by Stewart 
( 1907), but the newer methods of arterial anastomosis recently de.scrihed 
by Blakcmore, Lord, and Stefko (1943) u.sing vitallium tubes offer more 
promise where such a procedure is indicated. 


Nystrdm (1936) advised the use of rubber tulics for hemostasis rather 
than rubber-shod clamps. If a reflux of blood omu-s when the distal 
tubes arc relea.sed. tlien they are again held taut and the suturin-^ of 
the incision is begun. At this time, Xystrom used interrupted sutures 
He did not believe that intima-to-inlima approximation was nece.s.sarv 
lecausc It may fiuther narrow tlic lumen. He used bulbous tipped 
inobcs lor retrograde embolectomy. performing what he called “intro 
arterial swceimig." Extrcire gentlenc.ss is advised at all times 


780 


SURGERY 


On t])e otJier hand, Ivoucky, Beck, and Hoffman (1940) used spinal ancs- 
t lesm. Ednmi'ds (1938), in operating on three patients wifli embolism 
ot tJie arnp with two good local results used local brachial plexus block 
anesthesia in all three cases. 

Stfe of Arteriotomy.~A longitudinal arteriotomy incision slightly dis- 
tal to the location of the embolns is most frequently advised and wa.s 
used hy Carling (1934), Jefferson (1934), Ileanley (1939), Groth 
(1939), and hy the present authors. Haimoviei (1937) opposed rctro- 
giade embolectomy, while Deiteh (1936) opened the popliteal artery in 
one of his patients, only to find a femoral incision necessary. Another 
advantage of opening below the obstruction, however, is that if any 
accident occurs, the obstruction will be as low as possible. Concerning 
the site of arteriotoni}'^, Bernard counseled; “de ne pas arteriotomiser 
un fronc qui donne les branches importantes an niveau cle ces branches, 
niais au-dessous d’elles: si la suture donne lieu a nne obliteration 
seeoJidaire, les branches en question auront neanmoins des ehauce.s de 
retablir la circulation du meinbre.” Gii-dlestone (1935) exposed the 
common femoral artery, but while palpating it the pulsations in it as 
well as in the posterior tibial suddenl}’’ returned, so he ns.sumed he had 
fortunately pushed the embolus into the profunda femoris. Jefferson 
(1934) also advised “a deliberate attempt to massage tlie clot into the 
subsidiary branch. If this failed the operation would be proceeded 
with on normal lines and the arteiy opened.” 

Removal of Embohis . — Various instruments, including alligator for- 
ceps, Babcock’s vein probes, rrterinc sounds, ureteral catheters, small 
urethral catheters, and Merke’s corkscrew probes have been used to 
remove the emboli. In 1894, Severeami suggested (bat in ea.ses of ampu- 
tation for gangrene due to arterial obstrucfioJi, a bougie might be ))assed 
up for some distance from the cut .surface of the .slump into the divided 


proximal end of the main artery so as to insure its ])atcncy, to remove 
clots, and to minimize the risk of gangrene of tlie fla})s. Andrews and 
Harkins (1932) used a large urethral catlieter for its i)linigcr action to 
pnll out an embolus from the femoral artery. Jhirphy first used retro- 
o-rade sounding. Hason and Hurxthal (192S) used a iVo. 10 eathctci- to 
flush out the vessel with sodium citrate .solution after removal (»f the 
embolus. Allen (1929) advised the u.so of a flexible .spiral insfriimcnt. 
Stevenson (1938) and Stevenson and Walker (1938) dcvelojicd a speciat 
needle for arterial embolectomy. This noodle is ten inches long and has 
a ball on the end one-fourth inch in diameter. Jt is used for prol)ing 


irterics for emholi. 

niaoure of iroaaJ.— Mason and Hur.xtlial (1928) emphasized the need 
iturin" intinia to intima. Jeffci-son (1934) and Carling 1 1.934; 
♦ ti.ev did not believe it mattered mneii if the sutures presented 

(im »n.l 

I little on iiitrodnetion of iieimrin, a ninnmg 

nterrupted sutures, 

Htch has been found prefcral, It. 
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Anikoagiilants. — The use of heparin (discussed in detail elsewhere ii. 
this communication) is popular at present. Key (1922) used vaseline 
coated mstnnnents and irrigation of the woiind with 2 per cent sodium 
citrate. Ilenschen (1935) and others also advised sodium citrate. 

Arteriography. — Leriche, Froment, and Vachon (1934) advised ar- 
teriography to locate the embolus. 

Concomitant Ligation of Veins. — Ligation was advised by hlakins 
(1922) and other authors, but not by Gage and Ochsner (1940). Larks 
(1934) suggested ligature of the accompanying vein in eases done too 
late for an emboleetomy. On tlie whole this procedure has not been 
widely adopted. 

Bepeated Emhotectomy. — In some eases reoperation may be necessary 
and good results may follow even after several trials. Harkins (1934) 
reported two attempts at emboleetomy on the same patient, once on the 
left arm and once on the left leg. Groth (1936) collected 6 cases of rc- 
emboleetomy at the same site including one patient of his own with 4 
separate enibolectomies, 2 at the same site. Deitch (1936) also reported 
an example of multiple emboleetomy. A man, aged 44 years, had an 
embolus removed from the left common femoral artery in January, 1934, 
and one from both the right common femoral and left common iliac in 
December, 1935, with success in all three instances. Lindgren and 
Wilander (1941) did a bilateral popliteal emboleetomy, successful on 
one side, but reciuiring amputation on the other. JlacFarlane (1940) 
rei)orted a ease of multiple operations. 

■VisccUancnus Procedures. — Punck-Brentano (1938) discussed the use 
of thrombotripsy. Ncuhof's technicpie (1932) of intentional partial 
arteiial occlusion as an adjiuaet to emboleetomy was not adopted by 
other surgeons. Haimoviei (1937) pointed out the advantage of noticing 
after an emboleetomy if blood comes from the di.stal cud of the opened 
ve.s.sel. Emboleetomy with ligature was suggested by Finch (1934), but 
Haimoviei (1937) points out that arteriectomy is better. Heidrieh 
(1921) reported a 100 per cent mortality after ligation of the common 
iliac arteiy. Anastomo.ses with venous grafts were attempted by Stewart 
( 1907), but the newer methods of arterial anastomosis recently described 
h.v Blakeinore, Lord, and Stefko (1943) using vitallium tubes offer more 
F>i'omi.sc ^ehere such a procedure is indicated. 


X.vstrom (1936) advised the mse of rubber tubes for hemostasis rather 
than ruhl)cr-shod clamps. If a reflux of blood occurs when the distal 
tuhc.s arc released, then they arc again held taut and the suturing of 
t u> incision is begun. At this time, Xy-strom used internipted sutures, 
e did not believe that intima-to-intima approximation was nece.ssary 
•u.iiisc it may fuitlier narrow the lumen. He used bulbous tipped 
piobc.s tor retrograde emboleetomy, performing what he called “inlra- 
atteiial sweeping. Extreire gentlene-ss is advised at all times. 
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RKPORTED CASES OF EAIB0LECT03IY 


The operation of peripheral arterial emboleetom.r has been espeeialiy 
praetwed in the Scandinavian countries, but has also been done in Greai 
Britain and in the United States quite frequently. Mason and Hnr.xthnl 
(1928) reported 5 eases of femoral emholectomy. In all instances the 
embolus lay where the profunda branched off from the common femoral 
artery. Allen (1929) reported 6 emboleetomies in 7 attempts, with one 
good result. In 1933, Pearse made a statistical study of 286 peripheral 
emboleetomies reported in the literature. He found the tinm of opera- 
tion after onset to be of great importance, imijrovement occurring in 
40 per cent of cases folloAving operation performed dining the fii-st ten 
hours, 14 per cent in the second ten houi's, and S per cent in the third 
ten hours. Jefferson (1934) reported 6 pei’sonal cases, 2 completely suc- 
cessful (1 arm, 1 leg), 2 partly successful (both arm) and 2 unsuccessful 
(1 arm, 1 leg). Valdoni (1935) collected 333 eases from the literature. 

Dissatisfaction with the operation of emholectomy is especially noted 
in the American literature (Graham [1937], DeTakafs [1936], and 
others). This is largely and justifiably based upon the frequent failures 
and many postoperative deaths. Strombeck (1935) rei'iewed 327 opora- 
tions following which 63 per cent of the patients died in the hospital and 
only 12 per cent survived for five yearn. Danzis (1933) reported that 
only 41 per cent of reported emboleetomies were successful and that one- 
quarter of these successful ones died in the hospital. Mason and Hurx- 
thal (1928), Allen (1929), and other ivpovtens of small series gave .simi- 
lar pessimistic results. DeTakats (1936) reported 5 emboleetomies with 
2 good results, both of nliich were iliac obstnictions. Two of the other 
patients died of other emboli. 

In Sweden, Key was able to report, in 1936, that he had personally 
done 32 emboleetomies in 30 eases. At tho klarin Hospital, Stockholm, 


on his service, and in his own pilratc pi-aetice, 48 emboleetomies were 
performed on 43 patients, there being an embolus in both legs in 5 
eases, Nystrora (1936) reported 39 emboleetomies done on 35 patients 


at his clinic in Uppsala (1922-1934). It is of interest that 50 per cent 
of these went home with restored circulation. Tlie most frequeiilly 
involved sites of operated embolism of the extremities according to 
Nystrom’s collection of 382 Swedish cases are: femoral (54.5 jier 
cent), iliac (17.3 per cent), axillary and brachial (11.8 per ceiij), ami 
popliteal (11.3 per cent) (see Table VD. Slrombeek’s (19.35-1936) 
summary of the late results of 327 peripheral eiidmleetomics performed 
in .Sweden is noteworthy. Of tlie.se. 6.3 per cent died in the hospital, 18 
'• ‘pnt were discharged improved after amputation, and 19 per cent 
^trnod cireiilntion on discharge. Of these latter, three-fourths re- 
T the after one rear, one-balf after three year.s. one-lhird after 
fiv^’v^ars, and one-eighth after ten year.s. StromI.eck re.ternteri what 
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Table VI 


Results of Eubolectomy in 3S2 Swedish Cases (Nystrom) 


SITE 

DISCHARGED SUKVIVINO | 

DIED IN 

HOSPITAL 

1 

TOTAL 

WITH RESTORED 
CIRCULATION 

AFTER 1 

AMPUTATION 1 

XO. |PEB CENT 

1 KO. (per CENT] 

1 NO. j FEU CENT 

Axillary artery ) 
Brachial artery ( 
Ulnar artery 

Aortic bifurcation 
Iliac artery 

Femoral artery 
Popliteal artery 

Tibial arterj- 

20 44.4 

"a 17”.7 

10 15.1 

4.3 20.7 

9 20.9 

1 

9 20.0 

n IQ.7 

32 15.4 

14 32.0 

1 

10 35.5 

1 

34 82.3 

43 65.2 

133 03.9 

20 40.5 

45 

1 

17 

GO 

208 

43 

2 

Total j 

80 22.5 

09 18.1 

227 59.4 

382 


lias been pointed ont before that this short survival period is accounted 
for by three factors: age of the patients, character of the underlying 
eai'diae condition, and tendency to develop new embolisms. Hind- 
marsh and Sandlierg (1936) summarized 45 emboleefomies performed 
in Einar Key’s Clinic on 40 patients from 1912 to 1934. The majority 
(17 per cent) were suffering from heart disease. The local object of 
the operation was attained 23 times (51 per cent) and of these, 17 (38 
per cent) were discharged alive. Of the remaining patients, 10 were 
discharged alive despite amputation. Olovson (1938) reported 8 
peripheral arterial embolectomies. In 3 brachial operations success 
ivas attained in 2, while in the third amputation was required with 
resultant death. Four femoral embolectomies gave 2 good results and 
2 deaths from general causes. One popliteal embolectomy was fol- 
lowed by death in ten days from cerebral embolism. Thus, in this 
series, in 5 patients circulation was restored (62 per cent) and 4 pa- 
tients were discharged from the hospital free fiom symptoms (50 per 
cent). Results in other Swedish eases are shoivn in Table VIl. 

In this country, Linton (1937) reported 44 cases of acute arterial 
occlusion (40 emboli and 4 thrombi) in 36 patients seen at the Massa- 
chusetts General Hospital, including 1 ease reported by j^llen in 1929. 
Only 67 per cent of 30 of these eases of acute arterial ob.struetion 
studied liy Linton (1937) gave a history of .sudden severe pain in the 
patient. This agreed with the statistics of McKechnie and Allen (1935), 
who found that pain was the initial .symptom in only 54 per cent of the 
ea.scs they .studied. In this scries, 12 embolectomies in eight years (in- 
cluding one of Allen, reported in 1929) were performed with 4 recov- 
eries. Fifteen 2 )atients were treated by pavac.x with 9 recoveries. 

Griffitbs (1940) reported that from 1925 to 1940, he and Jeffer.son 
had seen 21 patients with 27 iieripheral emboli within forty-eight hours 
"f onset of symptoms. On Iti of the.se patient.s. 20 embolectomies were 
performed. The results iiieluded 8 complete failures (postojicrativc 
gangrene or death), 1 iueomidete failure (limited gangrene), and 11 
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Table VII 

HESULTS of PEItlfllERAL EmBOLEI TOM\ '■ 



! 

NUSIBEE OP CASF.S 






1 DISCHARGED ALH’E 

1 


MORTAL 

PER 

AUTHORS 

WITH 

GOOD 

CIRCULA- 

TIOX 

AFTER 

AMPUTA- 

TION^ 

DIED 

IN 

HOSPI- 

TAL 

rOT\L 

ITV 

percent- 

age 

CENTAGE 

OP 

SUCCESS 

Sweclisli cases, except Key 
(1935) 

61 

59 

207 

327 

63 

19 

Ivey (1935) 

17 

10 

IS 

45 1 

40 

3S 

Luha (1937) 

10 

5 

12 

27 1 

44 

37 


‘Classificatiou as in Papeis in Acta Cliiuiigica Scanclina\ica, 1035 


successes (complete restoration of circulation). The successe.s included 
4 instances of rpiper limb embolism, the same number of lover limb 
embolisms, and 3 instances of successful aortic emboleetomy. 

In their reviev of 25 patients ivith peripheral arterial embolism seen 
at the Cook County Hospital from 1928 to 1938, Koucky, Beck and 
Hoffman (1940) reported 3 emboleetomies vith 3 deaths. One of these 
was a femoral embolectomj" while the other two were emboli at the 
aortic bifurcation, with transperitoneal emboleetomies. One of these 
latter 2 patients lived forty-two hours despite continued {■ang:rcne of 
the legs, while the other lived thirty-six honi’s with pulse return in one 
day. Murray (1941) reported 26 emboleetomies clone in conjunction 
with the use of heparin. Of Pimtt’s (1942) series of 12 eml)oleelomies, 

5 survived, a mortality of 41.6 per cent. Dickinson (1942) presented 

6 cases of embolectomj’' with 1 I'eeovery, tliat in an instance of em- 
bolism of the common iliac artery. 


T.ible A’in 

Collected C\srs of PLr.trnni:\L .Vnn.ijAL Embolfctomy 


AUTHOR 

NO. OF CASES 


“ Key (1922) 

4.1 


Jelicison (1925) 

73 


Pctitpierro (192S) 

ins 


Key (1929) 

HI (> 


Andreus and Jlarkiiii (19.121 

268 


Poar«e (193,1) 

286 


Valdoni (19,15) 

•Li.i 


fAtruinliock 

:vjT 


A'\strom (19,16)* 

.182 


Grolli (19,11.) 

oAtf 


McClure and Ilartin'- (191.1) t 

(>90 

— 


Aiurj.iv (1011). SUcixti. I.iiml C'. (ip'x. Uilirilli'* 

tGrotWs collection plu - , , ,, j.rr.i^on In lOU). JV.Ut (10)2). 12 

1 . c,-e^: ■ ■ • 1 w.i.n.l.. (ijol). s 

itiliam (UUi). f d.rtjns (I'UT). i» < '■ < 0 =.^ licT.ilnti' 

McClure .in 1 If '™”' « . „i, |„ c,,!!. n- 

1,1 WilencLy ’n'A •’> ' Kunmn 

I He.iuIC' UOSD . „ "ptt (jriri). .Wr.’ll i«t - 1 (lO.’O, J inn,, oriU < 

otC) Stc\cn=on (I'lin). M .tl .rl iin (roo). li.turon ,,,.,1 <;u,k (10)1), 

fiBlies ana Bern (imj). nml (lOt-'i 

riihkoiv (lau). M ((„• }n< riliin hv J JolJ. ml iMm Is-ltr. nt m.. (J'r,,) 
Aiiaitionnl cnic* coll.ctMi 
not be incluaed. 
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Successful femoral cases were reported by Blackburne (1938) and 
IVardle (1938). A successful popliteal ease uas reported bj' Duncan 
(1938). Larks (1934), Brunkow (1941), and iilcGliie (1942) also re- 
ported a successful case. Single cases uere described bj Banks (1934) 
and Scott (1934) while Zierold (1933) reported 11 eases, and Lesser 
(1943) de.seribed 4 ease.s. Sheen (1934) reported a ease of bilateral 
embolectoniy of the femoral arteries. Tanner and Cleland (1940) re- 
ported a successful axillai’y embolectoniy in a woman aged 57 years. 
These authors used no heparin. 

The largest collected series is that of Groth (1936) who gathered 
535 cases of periphei'al arterial emboleetomy from the literature. In 
1939, Groth reported that 46 embolectomies were performed at the 
surgical clinic in Uppsala from 1922 to 1939. Our own collected series 
numbers 690 and is based on Groth ’s collection as shown in Table TUT. 

Several of our own case reports follow. 


C\SE 9. — E. B, a man, aged 59 jeai«, Iiad KnoiMi arteno'clerosih and auricular 
fibrillation On the moinmg of Apiit 20, 1910, be developed sudden pain in the ab 
domen, folloued «borth theieaftei by localization in the left leg and liip. He uas 
brought to the hospital. Bsamination revealed an absent left femoral pulse and 
sensory loss below the inguinal ligament on the left 'ide. A diagnosis of embolus 
of the left iliao artery was made and embolectoniy was performed under local an- 
cstliesm by another surgeon ten houis aftei lodging of the embolus. No svmpatlietic 
block was used, but heparin was given postopeiativelv 

Operation. — The common femoral artoiy was exposed ju't at the point of division 
into the superficial and deep branches. The embolus la> at the bifuication and 
extended down into the superficial femoial, but the deep femoi.il i.as free The com- 
mon femoral vvas better exposed by incising Poupart’s ligament and a 2 cm. Ion 
gitudmal imision made in the aitciy About 12 cm of clot vvas removed and a 
moderate rush of blood came from the provimal end of the artery. The holding 
sutures lu the witcrv wall were approximated, -i piece of sartoruis muscle placed 
over them, and a second low of Loiiibcrt sutures inserted. Heparin was injected 
in the arterv. The return of pulsation in the commiiii femoral artery was oiilv- 
nioderate, while m the siiperfiti.il fomoril it was practically absent. The patient 
died 2f) hours after operation with increasing g.ingrene of the left leg. 

It IS believed lint this p.itient eithei developed new emboli, or the previous ones 
were ineouiplctely iciiioved at operation 


of lot' p ;iiid weakne 

ness in the light luind and fingers 


11 V e 1 rs. 


t -vsi 10 — T B. a man. aged 

lie awoke at 4 V vr on .Afay ], UM';, with pun and numb 
There was marked di-tolomtioii of the hand 

as 


' la Iiie iigiK Iiam! and fingers 1 here was marked di-tolomtioii of the hand 
and absent puPc Om „rist with noiinal puls-itum at the elbow. The patient was 
first taken to aaotlioi Iiospiial and then transferred to our-. The arm wa- placed in 
the pavaex mai lime willi -ome veiy -light improvement, but eniboleetoiiii w.as ,le 
cided upon and w m (R I) At, D ,at IJ p.m , nineteen hours 

after the acnlent. 


Gpi infioa. — Tin* bifiii, itioii 
esthesn Pulsitmn 
hmgitiiilm.ll inn-mn w.is acole 


of the bri.liial artery w is e\po-e,I umler loc R 
ilowii aliiio-t to the bifiir, ilm,,. but none bidon. 
into the artery .and a dot extending into I, ml, 


an 

A 

til,' 
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ulnar and radial brandies was removed. The clot was not adherent, but it was 
t lought at the time of operation that a piece may have broken off and gone into 
the radial artery. . The ulnar remained clear. After irrigation of the main woirail 
with salt solution, the arteriotomy wound was closed. Pulsation immediately came 
through after removal of the clamp and was felt plainly in the ulnar artery, hut 
not in the radial. The color of the hand improved for a time but never became 
normal so that amputation in the upper third of the Tight foreurm was performed 
one weeh later. The patient was improved when last seen three months after opera* 
tion. A history of pain in the calves of the legs on walking as well as a positive 
finding of lead in the urine at that time are the only leads as to the causation of 
the embolus or thrombus. 


Eai’lier operation might liave saved tliis patient but that is uncertain. 
He was treated in the days before heparin and so did not have the 
advantage of tliat type of tlierapy. 

Restdts of Operation. — The ideal result includes a return of the liinb 
and of its pulse to normal. Tardy recovery of the pulse after sncccss- 
ful emholectomy is not uneommon, as pointed out by I?idcll (1935) and 
Griffitlis (193S). Deitch (1936) removed an emhohis in tlie left leg, but 
the pulse did not return. Sehein (1935) stated that an ideal embolcc- 
tomy should result in recovery of the prdse. If Scliein s criterion for a 
successful emholectomy that there must be a return of i^eriplieral ])ul.sa- 
tions below the site of obstruction is adopted, it would be liard to explain 
the results of artcrieetomy or certain eases collected by Dnnzis (1933). 
Ill Danzis’ series, 10 patients with cmholic oh.strnction to tlio upper 
extremity, observed six months or more after embolcetomy, had jiorfcct 
functional results, but no peripheral pulsations prcseid in the healed 
limb. Mosny and Dumont (1911) noted a late return of the pulse in 
their otherwise successful case. 


Other after effects of operation persist in certain easc.s. (Jlcji (1941) 
reported the case of a temporaj-y vascular occlusion ondinir fatally in 
uremia. Peiristcnce of iseheniic neuritis after an otherwise .successful 
arterial operation was described by Sehein (1935) .-iftcr urterieeloniy 
for embolism of the Imaeliial arlen*. One montli postoperatively there 
was still evidence of hypalgc.sia and liype.st iiesia as well as of diminished 
position and vibration sense in the hand c.xeepi in the distribution of the 
iilnar nerve which recovered first. In two of OrilTitlis- (1940) succc.ssfiil 
Mses of embolcetomy and in one case whicli became a raiinrc-thicc in 
* 11 — contractures developed, one of the hand and forearm, two of (h- 
” If d foot In tlie.se ca.scs the vein was not involved and ftrifTitiis con- 
1 "Volkmann’.s contracture is due to arterial oi'diision arid to 

cluaecl; jjcTahals (1930) reported (bat he luid under observation 

nothing e sc. i j ,^(,j.v)ved leg embolism without gangreiii' and witli- 
fivc patients v m ‘ pj.(pp,„itie.s aie puLsoIc.ss and atrojihie, tlie iimsi-le 

o\it embolcetom} • ‘ ^ 

contracted aiu i eiieccss in a easi* of emliolhro of (be right h-L'. 

jlacLcan (1935) reported 
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A few hours later, howe^'er, the left leg became occluded and neither 
papaverine nor pavaex was successful. 

Reports of two illustrative cases follow, one an example of complete 
return of fiuiction and of pulse, the other an example of almost complete 
functional return with practically no restitution of the pulse. 

Case 11. — C. G., a woman, aged 76 years, with liypertension, arteriosclerosis, and 
auricular fibrillation had a sudden attack of pain, pallor, and coldness of the left leg. 
Pulsation was absent below the left inguinal ligament. Operation was performed 
several hours later, on April 26, 1912, with a diagnosis of embolism of the left 
femoral artery. 

Operation (H. K. H.). — The operation was performed under local anesthe.sia. 
First the patient was given a paravertebral injection on the left side. The result- 
ant temperature rise was very slight, if perceptible at all. The paravertebral injec- 
tion consisted of 10 c.c. of 2 per cent novocain into each of the spaces opposite the 
transverse processes of the first four lumbar vertebrae on the left side by the method 
advised by Leriche and by Ochsner. The patient was then placed on her back, and 
with local anesthesia, an oblique incision just below the inguinal crea.so was made, 
exposing the left femoral artery. This vessel did not pulsate at all below Poupart's 
ligament but above Poupart’s ligament a definite pulsation was palpable. .This 
indicated that the obstruction was probably ju.st above and that a positive Jforden- 
toft’s sign was present. A vertical incision 1 cm. long was made in the artery, re- 
vealing it to bo in fairly good condition, as far as the wall was concerned, although 
there was some arteriosclerosis. There was a very slight flow of blood from the 
di.stal portion of the artery but no pulsation. No blood came from the proximal 
end of the artery. Inserting a catheter and later a uterine probe upward, we finally 
dislodged a hard embolus about 1.5 cm. long and 8 mm. in diameter, which appeared 
to be an organized clot, probably from the heart. (See Fig. 5.) This was followed 
by an extensive pulsatile flow of blood, which wont several feet across the table.. 



Kin. 0 . — Embolus from femoral artcrj' of C. G.. Case 11, April 2C. 1942, 


■Vt the same time, the di.stal portion of the artery .<-howcd a more prompt flow of 
blood. The incision in the artery wa.s then cIo.*-ed with continuous fine silk in two 
layer.-. Immediately, following tlic clo.-uro, 2 c.c. of licparin were injected into the 
artery just above flio suture line. The wound was tlien closed .superficially, using 
silk throughout in the usual manner. Immediately after the operation, tlic popliteal 
and tibialis anterior pulsations were as marked as on tlie normal side and the tem- 
perature of the leg had markedly improted. 


Iiiimeiliatelv 


‘ly after operation the foot beeanio narm and all pul«es returned. On 
the eighth postoperative day the patient «:is able to get out of bed and walked 
ailhout » Im'P- f^hc wa- entirely \seU as far as the loft leg was concerned when last 
sivn on .Tilly .,1, ]012, fiftei’ii iiiontli- after operation. 


12.— 0. G., 
mirieiihir fibrillation. 


a eolorei! man, aged :!<» year.-, had an old mitral .-tcio-i. 
He was admitted to the hosidtal on Xov. Itt. ,vith 


and 

do- 




s 

Fig. e. Emboli from femoral artery of G. G., Case 12. 


G.G, EMBOLECTOMY FEMORAL ARTERY 
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Operation (H. N. H.). — A vertical incision over tlie popliteal fossa exposed tlie 
popliteal artery vliicli was opened. Ko clot was found but no blood flow was pres- 
ent, A catheter introduced upward to its full length encountered no obstruction, so 
the arteriotomy and superficial wounds were closed and a vertical incision was made 
over the femoral artery. This was opened longitudinally and no blood flow was en- 
countered. A catheter was passed ujnvard 6 cm. and met an obstruction. The 
catheter was removed quickly with a piston action and on the second attempt the 



I lK. S.— I'alicnt G. G. .“cvcr.il weeks .after eniboleclomy. stanrllne on left oner-ite,! 
1<|.. Tliere Is sllRlit swollliiK of tlie left ankle vl.>.lble in tlie photoffniph. 


Hots (Fie li) .jf,,,,. ,1,,. ,.,„i,etor with a big nidi of blood and landed IS 

inHic.. away from the wound. The ealhcler now pa.-od freely and the arteriotomy 
wmuul was clo^oti witli twiv rowf* <if cMintinunus fine ^i^k. 

-U the end „f the operation ihoro «a.- only a slight relative oohlne.-s of the loft 
oot mstead of S“ F. dilTorciiec as l«sf„re. Arterial pnl.sation could ho felt down 
•IS far as tlie add,,, dor tuher.de lielow Hunter's e;,nal hat not farther. Heparin was 
s arled dur.ug the op..ration , F.g. 7.. The lett foot improved and althoagl. the 
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Fiff. C. EinboU from femoral arter>* of G. G., Case 12. 


G.G EMBOLECTOMY FEMORAL ARTERY 



f n and four days later developed a sudden pain m tlie left lejr ;ind foot, 
ompenss t ggjijness. A diatrnosis of popliteal eiuljolus \ra- made heeausc of tlie 
rith pallor a pulse. It was later found tliat tlie pulse an- not pre‘^ent e\- 

iresence oi a ^ (positive Xordentoffs ^i-nl. A left para 

ept as transnu uovocain injection was done nitliouf much relief =o operation 
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and supplemented by lumbar sympathetic novocain block, iiapaverine, 
and heparin seems to be the best treatment for lower extremity embolism. 
Conservative management is advised in most instances of arm embolism. 
Arterieetomy or amputation should be reserved foi' difficult or late cases. 
Heparin acts rather to make more early emliolectomies successful, than 
to prolong greatly the time after which operation can be pex'formed. 

3. Ten cases are presented of emboleetomy or thrombectomy done at 
the Henry Ford Hospital as well as one additional instance of attempted 
emboleetomy. Two of the.se represent undoubted thrombectomies and 
the patients should not have been operated upon (Cases 1 and 2). Of 
the remaining S cases, 1 was a complete .succc.ss (Case 11), 1 a complete 
success but the patient died of cerebral embolism over a .vear later (Case 
5) ; 1 had a recovery of the limb but nol of the pulse and died of pul- 
monary embolism eight months after operation (Case 12). Two patients 
vdth emboleetomy as well as the one with attempted emboleetomy had to 
have subsequent amputation and recovered (Cases 7, 8, and 9), while 3 
patients died (Cases 4, 6, and 9). The rc.sulls in this series are not as 
good as some of those reported in the literatine but are representative 
of the difficulties encountered in this condition. 

4. Twenty-one successful aortic cmbolcetomies i-eported in tlie litera- 
ture are reviewed. 
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pulsations bplow the knee ne\er returned and tlie patient walked with a slight limp, 
he had a useful leg as shown in I’igs. S and 9. Because of some causalgia-like pain 
in the loft foot, two left lumbar novocain blocks wore done witli an interval of three 
days one month after operation with improvement. There was a definite (2° F.) 
but slight relati%c increase in temperature of the left foot each time. The patient 
was improved until duly 7, 3941, when he died from a pulmonary embolus. 



Fig. !). — Front mow of s.inie. 
SUJIMAK\ AXD CONCLUSIONS 


• nf 1190 poriphemi arterial eniboleetomies reported in the 
1. A senes t re-emphasizes tlie need for prompt 

IS review cu- 


literattu’e is re''' 
diagnosis 


d porlv treatment. 

ignosis and ^ embolcctom.v (pieferabJy under twelve 

2. Early peripie < • .,eeidenl) performed under local anesthesia 

hom-s from the time ot • 
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Frank C. Hamm, ilajoi, Army U. S., Cambridge. Ohio, discussed tlie organiza 
tion, construction, and operation of an Army General Hospital in a lery in- 
itiuctue manner. The chief urological problem in such hospitals is, of course, 
gonorrhea It i\as Hamm's opinion that sulfathiazole is as effecthe as any 
other sulfonamide and that, if a dosage of 6 Gni. daih does not jield a cure in 
three daj^, it is be«t abandoned. Eighty per cent of sulfonamide resistant cases 
have responded to a combination of sulfathiazole and a therapeutic feier of 105° 
m the cabinet for file hours 

After gonorrhea, stones and congenital anomalies are the commonest urogenital 
disorders m troops not in combat. 

Clyde Demmg, New Haien, reiieiied his evperience uith lesions of the urinary 
tract uhich disqualified men under selectne sen ice. Stones ivere most frequent, 
but hi droneplirosis, pi elonephntis, tuberculosis, and post traumatic disorders nere 
not rare. 


E, G. Crabtree of Boston described an instance of a tcratonia primary in the 
epididimis. This tumor is thought to arise m cell rests from the genital ridge, 
included in the epididjmis during development. Crabtree foilnd nineti-tiio cases in 
the literature. 


The meeting on June 11 included the folloning: 

J. C. McClelland of Toronto, and J. K. Ormond of Detroit both discussed fatal 
cases of anuna from sulfathiazole m which the renal tubules exhibited at nec- 
ropsy, not crjstals, but degencratnc changes and sascular thromboses thought to 
ho toxic 111 origin. 

B. C. Graves, Boston, castrated a patient nith an iindiflerentintcd carcinoma 
of the prostate null mctastn«es after subjecting the gland and the iniohed supra- 
claiitular limpli nodes to biopsy. Stilbcstroi nas also gi\en. Seven months 
later the patient felt well and had gained tuentj pounds, nhilt tlie prostate nas 
smaller and softer Biops.v of the involved nodes showed histologic evidence of re- 
gression. This IS interesting lieeause it hiis been suggested tlmt, if tlie scrum phos 
pleilase is normal (as in this ease) or if the tumor is undifrcrentiated. (lierapv with 
n“tiatioii or estrogens is lihelv to fail 

In the eiisumg discussion. Herman also reported success from castration in an 
annplasiie prostnlu caiuci Ncsblt has had liO per cent of ‘‘dolavcd failures’' 
(recnrrciiees) after castration, and believes that, smec the duration of its good 
cITects IS limited, it should not be used until the oceiirreiiee of pain demands it. 


Hugh H, Tfoung of Biiltiiiiorc, and G. R. Livermore of Memphis each reported 
surgical cures of nonfiliirial elephantiasis of the sorotiim from excision of enormous 
amounts of tissue Dr Yoiiiig’s presentation was accompamed by an excellent 
iiiotioii picture, m kodachromc, of the operation 


P. E. Hughes (l>hilailc>l|ihiiu described a method of stnthing peristalsis i„ the 
iiilint. imdistiirhed ureter, an unusual aihievcuienl Diodntst is gnoii intravonoiish 
null Ihe pilient the Trendelenburg position, and a seg,„pnt of the ureter is photo" 
graplnd peno.li, allj through a sl,t. on adjoining segments of film In means of Ihe 
iirnKvinograph. Th,. freipicmv and amplitude of the peristaltic ‘w.-nes can he 
im iMir.d. 'll,,, mcihod, if eonsisientlv s,„ cessf„l. s„.nis m olTer greU no-s,hilit.c 
>■' <'■” stndv Of the .m.is of drags and dme-is,. upon uretend pens, In. 

tomv’ wnf'crror'nnd “"-'"I «■-> nhnl, ,„,aneous ..retoros 

! rtmund in a ,,hvs...nn with tub. rcnh.s.s .. .olifirv kidiiev. He led 
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JIEETING OF THE AMERICAN ASSOCIATION OP GENITO- 
URINARY SURGEONS AT STOCKBRIDGE, iMASS.. 

JUNE 10-12, 1943 

C. 11. Crekvy, M.D., Mikxe.vpolis, j\Iinn. 


Tlio .Tiiiio 10 ‘iessioD included the folloning; 

W. N. Wishard, Jr., of Indianapolis, discussed the techniques and ditficulties of 
icnioval of stones from the hmci third of the ureter. The latter included the biealc- 
ing of a u'iio of a .Tohnson .stone e.vtracfor. 

Vincent Balkus of Philadelphia (by invitation) desciibed a new stone extractor 
consisting of an nrcteial catheter through the butt end of which a tine stainless steel 
wire is thi ended, emerging fiom one eye and passing through the other back doiyn 
the lumen of the cathetei. The cnthetei i.s pa.ssed above the stone, then looped in 
the uictei by tiactiou on the wne. The catheter, its end kept looped, is then with- 
drawn (with the stone, if Piovidcnee smiles). The insfiument was .succe.-sful at the 
fiist trial m ten of thiiteen ca.se.s. 


D. M. Davis of Philadelphia advocated the tieatment of stiicture of the uretero- 
pelvic junctuie and upper ureter by incising the stiictuie longitudinally, making a 
nephi ostomy, and threading a rubbei catheter down the ureter. No sutures are used 
in tile ureter, Nature being left to her own devices in reconstructing the ureter during 
tile time weeks wliile the catheter is in place. Keyes had done such an operation 
and had found the kidney in good condition many years latci. It seems to the re- 
viewer pieferable, where possible, to use the Schvvyzei Foley Y plasty nliicli actual v 
wins the nariov; area with tis.sue from the leiial pelvis, and thus depends less upon 
elmnee for its sucee.ss. When Meindoe depended upon a catheter to prevent .tnc 
te formation in a tubula. Thie.sch graft used to foun an uretnra m hypospadias, 
he found It necessary to leave the catheter in place for six months. 

H G Eugbee, New Yoik, diseu.ssed a patient who had hjpertensmn and ii.eima 
1 to a'stonfin the ureter of a solitary kidney. In performing nephrostomy, Bughe 

';ia 

- rc:. “ - — -»“• •• * 

neurogenic factor in hypertension. 

TT n of Philadelphia rc])Oited a large adieiial cortical eaic.nomn la 
rni normal secondary se-c characters. Another patient had a huge 
Vfihroma. Both displaced the kidney. 

perineur. ^ Wehrbein (by invitation) of Brooklvn discussed s.v 

U. ?. B-attbun- and H. - t,,e uterature, nnd one of their 

casesof lympliosarcoma o he 

own. They believe that suca 
cLonic pyogenic infections. 

for Pf >.-cnt.on. a.-nttoui.mii v 
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of fine stitches in tlie bowel. There were two eviscerations on the sLxth day wlien 
catgnt wa.s used, but none have yet occurred since the adoption of .ctainless steel mre 
for closure. 

W. E. Lower of Cleveland discussed the late results of uretero-enterostomy for 
nonmalignant disorders. Patients are prepared for operation with daily catharsis, 
a low residue diet, and sulfasuxidine. The cathartic is replaced by paregoric on 
the day before operation. Both ureters are transplanted simultaneously in the adult, 
but a two-stage procedure is preferred in infants. Six of eighty patients are alive 
twenty years or longer after operation, and five of these are in good health. Ex- 
cretory urography showed that some degree of hydronephrosis was not uncommon. 

In the discussion, Yoimg reported that he had done plastic repairs in four cases 
of exstrophy, but that the failures had outnumbered the successes. 

6. G. Smith (Boston) studied the late results in fifty malignant tumors of the 
testicle (teratomas, embryonal carcinomas, chorioepitlieliomas) treated by orchidee- 
tomy and irradiation and followed as long as fifteen years. Nineteen were lining one 
to fourteen years after treatment, fourteen of them more than four years. Eesults 
were poor when nietastases were recognizable at the outset. 

H. Q. Woodard (by invitation) and B. S. Barringer (Kew Vork) have accumu- 
lated a considerable series of cases of carcinoma of the prostate in which the acid 
and alkaline phosphatases in the blood serum have been measured. Twenty-six 
per cent had normal values iu the presence of metastases, a fact which consid- 
erably reduces the value of the phosphatase determination as a diagnostic measure. 
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an active hfo thoreaftcr for twenty-two years before dying, after a rapid decline, 
of rena I tuboreulosis. Necropsy disclosed extensive renal and peritoneal tuberea- 
Josis. llns IS a potent testimony to the usefulness of cutaneous ureterostomy. 


Meredith Campbell of New York reviewed a series of 152 cases of stenosis of the 
ox trna iirinarj meatus in children. This apparently trivial lesion has produced 
an appalling array of disturbances in the urinary tract, chiefly in the wav of residual 
urine, hydronephrosis, and infection. 


O. D. Creevy, Minneapolis, compared the operative blood Joss in a serie.s of 
fifty-one consecutive ca.ses of transurethral resection of more than 30 Gm. of 
prostntic tissue with that of a similar scries in which a mixture of saline, pitressin, 
ami adrenalin had been injected into the gland just before and during operation. 
Sinco tlie loss of blood was reduced hy 33 per cent, the method appears to otter 
some promise as a means of diminishing the risk and increasing the completeness of 
the operation. 


The June 12 se.ssioii included the following: 

A. I. Dodson, Eiehmond, Va., discussed his e.vperieiice with tlie Dcming iiephro- 
pe.vy, in which the peritoneum and perirenal fat are sutured beneath the lower pole 
of the kidney to the lumbar muscles. (Reviewer not present.) 

G. F. McKini and Parke G. Smith, Cincinnati, reported on a patient who lived 
for twelve years in comfort with onc-foiirth of one kidney. (Reviewer not pres- 
ent.) 


C. E. O’Crowley with H. S. Martland (by invitation) of Newark, N, J., pre- 
sented evidence in the form of kidneys secured at autopsy, that small islands of 
normal adrenal tissue are not infrequently found beneath the renal capsule, 
and speculated on their relationship to the so-called Grawitr. tumors of the kidney 
(hypernephroma, renal carcinoma). 

’W. F, Braasch of Rochester, Minn., reviewed fifty ease.s with iinmistnkahio 
evidence of past trauma to one kidney. The blood pressure was normal in thirty- 
eight of forty-five ca.«es in which it was recorded. Br.msch doubts whether post- 
traumatic lesions produce hypertension. 


J. W. Lord (by invitation) and A. R. Stevens, New York, described their ex- 
perience with the implantation of tlio dog's ureters into the colon with the aid 
of tubes of the alloy called vitallium. They were inserted into the ureter.® so as 
to protrude into the colon in order to prevent temporary occlusion of the ureters 
during the postoperative reaction. While the tubes were ordiimrily c.vpeJJed 
within thirty days, the incidence of plugging by iii-inary salts was too high to 
permit use of the method in man. 


Charles C. Higgins* of Cleveland has transpJnnted the ureter.® into the .sigmoid 
n eighteen infant®, between 2 and 11 months of age, for e.vstropby of the bladder, 
ith two death®. He pointed out that 50 per cent of patient® with e.v®tiop/i.v will 
l.V heforo the age of 10 years, and (55 to 70 per cent before 20 ye.-.r.® if the con- 
iLn is not corrected. He presented his rea®o„s for early operation a® foll.m®: 
\ Infants tolerate the operation well; (2) the inte.stin.-,) organi®;,,® are less 
, f rl,no thev will be later; and (3) there i® less danger ot suhsequent 
arulent * ^ infection. He concluded that tfie re.-nlf® have llm® far 

ireteral , operation. He u.®c® a two-®tage " Coffey No. 1 ” tecliaiqiie, 

)iore tlmn justmea using a Mayo fi.\alion ®ntnre, :ind jd.-ices a ,®inglc row 

I.*.. 
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now rarclj used, Kimpton Broun paraffin tube method and to the rarious syringe 
apparatus ulule there is no mention of the “closed srstem” uhich is steadih gain- 
ing in popularitj. A semiclosed method, houeier, is recommended in tlie chapter 
on preserved blood. 

The material on transfusion reactions has been greatly expanded in this edition 
and the subject is, in the mam, adequately covered. The autlior accords only a 
feu lines to the subject of oierloadmg of the circulation. It probablx deseiwes 
more recognition. The transfusionist should certarnh be impressed uith the fact 
that prompt diagnosis and the application of tourniquets are nece'isary to save the 
lives of some recipients. 

A neu chapter has been introduced in tins edition on stored blood, plasma, and 
serum. The author i« lukewarm in Ins attitude toward stored blood. The ad- 
vantages are mentioned but not emphasized. Description of the various techniques 
of preservation is scant. The problems of the administration of a blood bank are 
not discussed. The preparation and use of plasma and serum have been treated 
in somewhat more detail. 

In spite of these imperfections, the book stands as the best reference work on 
blood groups in English. 


Diseases of the Nose, Throat and Ear: Medical and Surgical, Bj William 
Lincoln Ballengcr, M.D., T.A.C.S , late professor and head of the Department of 
Otologv, Rhinology and Larvngologj, Unnersitv of Illinois College of Sledieine, 
and Howard Cliarles Ballenger, M.D., P.AC.S, associate professor of Otolaryn 
Xorthwestom University School of Medicine Ed. S, tiioroiighly revised. 
Pp. 973, with C04 engravings and 27 plates Philadelpliia, 194.^, Lea & Febiger. 
'’12 00. 


This large but compact volume has five sections. The titles arc: The Nose and 
Accessory Sinuses, the Plinrynx and P.auco=, Diseases of the Larynx, the Ear, and 
Bronchoscopy, 

Tills eighth edition sociiis to be thoroughly up to date in its content. Several 
specialists have contributed to the text in .iddition to the Ballengeis. .1. D. Kellv 
describes his technique of ary tenoidccloniy for bilateral paralysis of the recurrent 
laryngeal nerve. A desciiptioii of B T. King’s operation for this condition is aKo 
included. Revised chapters on Peroral Enoscopy are provided by G.ibncl Tucker and 
P L .Imkson .Xlfrcd I.^-wy contributes Hie diapters on Pliysiohigy and Functional 
Tests of the L-ihyriii(h iiml Influmm.ifoiy Diseases of the Lalivrintli 

Imhuled in this eighth edition is .i desiription of Lcmpcit’t, end .luial approach 
to the mastoid and his fenestration for otosderosis 


TIio text IS cisy to rc.id Each sub)eet m its section is discussed ordcrlv 
fashion with piragr.iph titles s,„ |, ns etiology, syniiitoms, pathology, and treatment 
111 large I.IncK type, nuking referen.e easy Illusinif ions ere iiuiiieroiis Important 
nihlingrapliiL referemes are with few exi options plaeod as footnotes 

In addition to the ex. elleiue of its eonleiit and urningciiient, tins treatise is noio- 
V'orthy in that it is the most umiplele text in otohiry ngologv written In Americans 
A so. It IS tlie oldest treitue iii the English language which has gone through eight 
t (lilioiiv, ( 1(0 I'mt o<Utujii of winch m up to dato. 

Otolaryngologist s. gr-,duate students otol.iryngologv, am! resident interns 
... the spism t, .hould use this hook The physiunn general prmtue will find it 
u njo«t U'‘(*fnl •■ourto for roforenco. 
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Gynecology Including Pemale TTrology. By Lawrence L. 'Wharton. 1043. W. B. 

Saunders Company. 

TJie autlior is a member of the department of gynecology (which includes 
female urology) of the Johns Hopkins Hospital and Medical School. He has put 
into this text for students the practice of that department in both fields. The 
text is profuselj’ illu.strated with, for the most part, previously published cuts. 

This book has distinct possibilities as a teaching text and the author ha.s 
organized the material with that in mind. He attempts to give tlie student a 
variety of interpretations where disagreement is recognized. Little of personal 
opinion or dogma is included. The references are almost exclusively to the English 
literature. 

Some details will undoubtedly' be improved in subsequent editions. Some of 
the embryology requires reconsideration. There are generalizations, particularly in 
dealing with uterine bleeding and malignant disease, which will not be generally 
accepted. The classification of uterine fbmors is incomplete. 

As a student text, however, this text is better than the average of those 
recently published. 


Blood Groups and Transfusion. By Alexander S. Wiener, M.D., Serologist ain 
Bacteriologist in the office of the chief medical examiner of New York City. 
Ed. 3. Pp. 43S. Springfield, III., and Baltimore, Md., 1943, Charles C Tlioiim.s 

Publisher. Cloth. $7.50. 


This book has kept abreast of the rapid advances made in the field since the 
first edition appeared in 1935. As the title indicates, it is still primarily concerned 
with the various theoretical aspects of the blood groups while only IhO pages are 
devoted to the routine problems of blood transfusion. 

In the field of blood groups, tlie author writes with autliorit.v. The clmpters on 
the heredity of the blood groups are complete and detailed. Br. Wiener deserves i 
Ted « 'vitU Dr. Landsteiner, of the di.scovery of the Rh factor and 

tl,i« subiect is clear and restrained. There are c.vhaii.stivc .sections 
f^'Sd to group-specific substances in organa, to anthropologic investigations, and 
* if aimal blood. Two valuable chapters cover the medicolegal appbea- 
""Tbldod grouping. There i.s a brief hi-sfory on blood trnnsfnsUm. 

° Mems of blood tran.sfnsioii are .approuclicd from the viewpoint of the 
The ; 1 ,^ material on blooil grouping and .•ro.-s niafching is e.xhaii.s- 

laboratory 'vorker. 

tive. The selection o reference to tlie reactions in donors whicli arc 

attention as a pafmn . transfusionist. The author has wisely decided 

occasionally a techniques for fran.sfusioii but bis .-.elections 

against an attempt to ,ievotcd to the difficult, nnd 

afe, in some ways, unfortunate. - 
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Books Received 

The receipt of books is acknowledged in this section and tliis treatment must be 
regarded as sufficient acknowledgement of the courtesy of the sender. Selections 
will be made for more extensive rerdew dictated by the interests of our readers and 
as space permits. 


Blood groups axd transfusions. By Alexander S. "Wiener, A.B., M.D., Serolo- 
gist and Bacteriologist in Office of Chief Medical Examiner of JCew York City; 
Head of Transfusion Division, Jewish Hospital of Brooklj-n, X. Y. Cloth. Price 
$7.50. Pp. 438, with 69 illustrations, 106 tables. Springfield, III., 1943, Charles 
C Tlionms, Publisher. 


Manual of industrial hygiene and medical service in war industries. By 
"William M. Gafafer, D.Sc., issued under the Auspices of the Committee on Industrial 
Medicine of the Division of Medical Sciences of the National Research Council. 
Clotli. Pp. aOS, with 19 illustrations. Philadelphia, 1943, IV. B. Saunders Co. 

Transurethral prostatectojiy. By Reed M. Kesbit, M.D., P.A.C.S., Associate 
Professor of Surgery, University of Michigan Medieal School, Department of Sur- 
gery. Cloth. Price .$7.50. Pp. 192, with 94 illustrations. Springfield, 111., 194.3, 
Cliarlcs C Thomas, Publisher. 

Physiology in avi.ition. By Chalmers L. Gemmill, B..S., M.D., Commander 
Medical Corps, U.S.N.R., .Associate Professor in Physiology, Johns Hopkins Uni- 
versity, School of Medieiiio, Baltimore, Md. ; Instructor in Physiology, School of 
Medicine, Naval Air .Station, Pensacola, Fla. Cloth. Price $2.00. Pp. 124, with 
bS illustrations. 18 tables. Springfield, 111., 194.3, Charles C Thomas, Publisher. 

The sunoiCAL clinics of north amei;ic.\ — symposium on traum.vtic sup.gery. 
By many contributors. Cloth. Pp. 63.3, with 15.3 illustrations. Philadelphia, 1943, 
W. B. Saunders Company. 

Outline of roentgen diagnosis. By Leo C. Rigler, B.S., M.B., M.D., Professor 
of R.adiologj’, University of Minnesota, Minneapolis, Minn. Cloth. Price $6.50. 
Pp. 196, with 227 illu.stration.s. Philadelphia, 194.3, ,T, B. I.ippineott Company. 

Clinical .significance of the ulood in tubkrcci.osls. By Culli Lind II. MuHcr, 
M.l)., Pathologist and Director of Ivaboratory, New England Hospital for Women 
and Children, Boston, Mass. Cloth. Price $3.50. Pp. .116, .52 tables, 19 charts. 
New 1 ork, 1943, Commonwi'alth Fund. 


OPPiLvrivi; SURGERY, VOL. 1. By .1. .*s|iellon Horsley, M.D.. LL.D., F..\.C.S. 
Attending Surgeon, St. Elizabeth's Hospit-.il, Richmond, Vn., and Isaac A. Bigger, 
M.D., Profes.'or of .Surgery, Meilical College of Virginia: Siirgeon-in-Cliicf, Medical 
t-ollpgp of Virginia Hospitals, Richmond. V:i. Cloth. Pp. 674. with 705 illustrations, 
t'l. Louis, 191.3, 3’he ('. V. Mosby Company. 


Ofi.i.ATivr. .SURGERY. voL. 2. By .1. .Slielton Horsley, M.])., LL.D.. F..\.CS 
-Mtending Surgeon, ,s!t. Elizabeth’s Hospital. Richmond, Va.. and Isaac Bigger 
M.l).. Profcsy>r <)f Surgery. Medic.-il College of Virginia, .‘■'urgeon in Chief. Medical 
ollego of \ irginia Uosjiito!,.. Rirlimoiid, Va. Cloth. Pp, !;:s 7 , jo-,| 

l>mis. .St. ],o„is, y y[„«l,y Company. 


A TIAVTIIOOIC sui'.Gt-.i;v. By .lohii Homans. .M.l).. n.niciil 
Hartard .Me.lieal (’loth. Pp. ]2;2. 

• prlnglielil. 111., 19|0, (.’harles c 'riiomas. Publisher. 


I*rofr>'‘(»r of SurpT\% 
with ilhist rutioii'j. 
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Transurethral Prostatectomy, By Reed !M. Ncsbitj University of Alichipan. Pp. 

192, with 04 drawings by Wm. P. Didusch. Springfield, 111., 1943. Charles C 

Tlionins, Publisher. 

This book, written, by one of the leading authorities in the field, should be 
read by everyone who doe.s, or proposes to do, transurethral operations upon the 
prostate gland. Beginning with a cliapter on the blood supply of the prostate 
by E. H. Flocks, who explains much that happens during and after such operations, 
it describes Ncsbit’s method of removing the obstructing portion of the prostate 
gland with an instrument of his own design. The descriptions are lucid and, 
coupled with the excellent drawings of Didusch, make the technique of the operation 
clear to the reader. There are detailed and helpful discussions of such pertinent 
topics as preoperative management, selection of an anesthetic, postoperative care, 
complications, and prostatic cancer, including comments on recent developments in 
this field. The history of the transurethral operation is well presented, and there 
is an excellent and extensive bibliography. 

It might be well to explain that “transurethral prostatectomy” refers to a 
transurethral resection which seeks to remove as much of the hypertrophied prostate 
as possible, leaving behind but little more than the surgical capsule of the gland. 
It is a far cry from the original resection, which aimed at “cutting a channel” 
through the enlarged gland, and which was and is regularly followed by recurrent 
obstruction. 

The reviewer, having seen the author at work, can testify that the hook sticks 
to the facts in presenting wliat is, in the reviewer’s opinion, the best method 
tlius far devised for attacking the enlarged prostate gland transurethrall.v. It is 
not a method to be essayed by tlie novice. 
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Original Communications 


THE SURGICAL TREATMENT OP RECURRENT INGUINAL 
HERNIA WITH SPECIAL REFERENCE TO A COOPER’S 
LIGAMENT HEENIOTOSrY ANT) THE USB OF FREE 
FASCIAL GRAFTS 

S.VMUEL A. SwEN'SOX, Jr., M.D., AN'D Hexrv N. H.-UIKIKS, M.D. 
Detroit, Mich. 

(From ihe Division of General Siiroery, Henry Ford Bospiial, Deiroii) 

U NTIL late in the nineteenth century, the recurrence of a previously 
surgically repaired hernia ivas not an unexpected result. At that 
lime, recurrence rates vere quoted as high as 25 to 50 per cent of 
all eases in which operation ivas done. 

Although present-day recurrence rates are much lower, most often 
being quoted from 5 to 15 per cent, it is evident that the operation for 
primaiy inguinal hernia may be found wanting in many instances. Re- 
cently, one of us (H.N.H.) reported a series of 131 consecutive cases 
in which the MeVay modification of the original Lotheissen technique 
was used, with only one recun-cnee after a relativelj- short follow-up 
period. This technique involves the suture of the transversalis fascia 
and conjoined tendon to Cooper’s ligament rather than to Poupart’s 
iiganicnl. Xolliing is fastened to Poupart’s ligament. Hence, the 
operation is properly desitenated as a Cooper’s ligament herniotomy. 
Tliis communication deals with the re.sults of operation in 37 consecu- 
tive cases of I'ocurvent hernia, done during the past two years (1940 
to 1942) on the service of one of us (II.N.II.) on 34 patients, with no 
recurrences to date. Thirty-four of the operations were jjerformed by 
the senior author, one by the other of us (S.A.R., .Tr.t, and two by 
another resident. 

In his book, Tason (1941) bases sueee.ss nr failure in operations for 
hernia upon : 

n. The leclmic.il mcfliod ulilired, 

l>. Eiiilurc's in torlmique, liemntoma forin.ntion, flipping ligatures etc. 

*'■ I'o'-'topcrntivc pulmonary »’onipIi<-ation. i.e., cough, hiecough. 

U‘c.u,h\ for PHhUraUoi). June 7, 1513. 
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Pain jiechanis.ms. By W. K. Lin’ingston, Lieutenant Commander, JI.C., U.S.JT.R,, 
Associate Clinical Professor of Surgery, University of Oregon Medical School, Port- 
land, Ore. ^ Cloth. Price $S.7S. Pp. 253, with 20 illustrations. ATeir York, m3, 
The Macmillan Company. 

Diagnosis of uterine cancer by the vaginae smear. By George U. Papani- 
colaou, M.D., Ph.D., Department of Anatomy, Cornell University Medical College, 
and Herbert F. Traut, M.D., Department of Obstetrics and Gjuiecologj’, Cornell Uni- 
versity Medical College and the New York Hospital. Cloth. Price .$3.00. Pp. 40, 
with 11 plates. New York, 1943, Commonwealth Fund. 

Pictoriai, handbook of fracture treatment. By Edw. L. Compere, M.D., 
F.A.C.S., and Sara \V. Banks, M.D. Cloth. Pp. 210, with 30 illustrations. Chicago, 
1943, The Year Book Publishers, Inc. 

Manual of fractures, treat.ment by e.yternal skeletal fixation. By 0. M. 
Shaar, JI.D., F.A.C.S., Captain, M.C., U.S.N., and Frank P. ICreuz, Jr., M.D., 
F.A.G.S., Lieutenant Commander, Medical Corps, U.S.N. Cloth. Pp. 300, with 14S 
illustrations. Philadelphia, 1943, lY. B. Saunders Company. 

Surgical clinics of north a.merica — (biliary tract and surgical diagnosis). 
By many contributors. Cloth. Pp. 923, with 240 illustrations. Philadelphia, 1943, 
IV. B. Saunders Company. 

Eoentoenographic technique. By Darmon Arfelle Bhinehart, A.M., M.D., 
F.A.C.E., Professor of Roentgenology, University of Arkansas, St. Vincent’s Infir- 
mary, Missouri Pacific Hospital, Arkansas Children's Hospital. Cloth. Price $5.50. 
Pp. 471, with 201 illustrations. Philadelphia, 1943, Lea & Febiger. 

Kehabii.itation of the war injured (a sv.mposium). By William Brown 
Doherty, M.D., and Dagobert D. Eunes, Ph.D. Cloth. Price $10.00. Pp. 0S4, with 
100 illustrations. New York, 1943, Philosophical Library. 

Surgical clinics op north a.merica— orthofedic surgery. By many contribu- 
tors. Cloth. Pp. 1231, with 340 illustrations. Philadelphia, 1943, W. B. Saunders 
Company. 

Lincoln— DOUGLAS, the -weather as destiny. By William F. Petersen, M.D. 
Cloth. Price $3.00. Pp. 211, with 91 illustrations. Springfield, 111., 1943, Charles 
C Thomas, Publisher. 
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been observed over a period of three rears. Prom these observations, 
one might correctly assume that even though the JIcTay procedure was 
oilginally designed as a repair of large direct hernias, it is equally 
applicable in indirect hernias, as it so adequately reinforces Hessel- 
bach’s triangle and greatly reduces the possibility of a direct recurrence. 

Many authors agree that if inguinal hernias do recur, they do so 
within one month following operation. lason (19il) states that there 
is always some evidence of reeuiTenee even before the patient leaves 
the hospital, and within a few weeks a definite hernia is revealed. In 
Fallis’ series (1937) of 200 recurrent hernias, 82 or 41 per cent were 
fii-st noted within six months from the original operation. 

In the review of this series of cases, it is interesting to note that until 
the senior surgeon (H.N.H.) became familiar with the McTay proce- 
dure, free fascial grafts were used in most of the eases of recurrent 
inguinal hernias. In general, all of the 37 recurrent hernia operations 
were done by two methods: (1) fascial graft, and (2) Cooper's liga- 
ment procedure (JIcVay-Lotheissen) using silk. Fascia was used ten 
lime.s in the first twelve hernial operations, but more recently this suture 
iias been almost entirely abandoned so that fascia was used only two 
times in the last twenty -five recurrent hernial operations. The technique 
used was cs.scntially that as proposed by Gallic and LeMesurier (1921). 
One or two strips of fascia lata 20 to 30 cm. in length were obtained 
from the thigh by the Wilson fascial stripper, and were used as suture 
material, vmually joining the transvcrsalis fascia and conjoined tendon 
to Pouparl’s ligament, and occasionally, a second row of fascial sutures 
would he placed, including the medial flap of the cut oblique aponeurosis 
fascia. Alterations in the technique were hosed npon the use of either 
the original Halsted or Bassini type of closure. 


During the past two years, the MeVay technique has been used by us 
more and more extensively in the rejiair of recurrent inguinal heniia. 
Mith adequate dissection of the structures involved it is usually pos- 
sible to close off entirely Ilcsselhaeirs trianulc and suture the conjoined 
tendon and tlie transver.salis fascia to Goojmr's ligament. As has been 


.slated in a previous article, it is absolutely ncco.s.sary that the sutures 
lie placed without tension and tliis jiroccdure is greatly facilitated bv 
a relaxing incision in the internal oblique aponeurosis made near the 
midline at its junction with the anterior rectus sheath. This relaxing 
incision is extended from about 2 cm. above the piihic .symphysis 
.sni)criorly for a distance of S to 10 cm. With sufficient rcla.xation'lhc 
transvcrsalis fascia and conjoined tcmlon arc sutured to Cooper's liga- 
ment with double heavy silk sutures. The femoral vc.sscis ai'o held out 
of the nay with the index tiimer placed upon Cooi>er’s ligament and 
the nmsl hiteial suture is placed fii-st. the vessels being guarded br ibe 
imger. The double sutures arc fn-sl Icnoited together and then tied 
sopanitely, cfiecting a braiding of the sutnre. Two or tbree more .such 
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il. Double hernia operations. 

e. Constitutional factors. 

f. Ilorcfiitarj- tendencies to hernia or congenital atonj- of tho abdominal 
inusculatnro or changes in the fasciae. 

g- Age. 

h. Sex. 

i. Obesity. 

j. Tlio type of ^TO^k the patient engages in postoperatively. 

k. Transplantation of the spermatic cord. 


It is difficult to draw tlie line too sharply as to what may be classed 
as a recurrent hernia. True reeusTenees, i.e., the appearance of tlie 
liernial sac in the same position as that of the previetis operation, are 
usually the result of failure to ligate tlie sac at all or failure to ligate 
it high enough. It is rare, and almost impossible,’ after an adequate 
high ligation, for a hernial sac to return at the original site of protrusion. 
When this does occur, however, there is usually some contributoiy ana- 
tomic muscular or fascial defect suiTounding the hernial opening. 

False recurrences, or the appearance of a sac in a position different 
from that observed in the primary operation, are most common. The 
etiology’- of tJiis condition may be based upon any one or more of the 
factors listed lason. In our series, as well as the series reported by 
Fallis in 1937, the number of diz'eet rccnrrences resulting from opera- 
tions on indiz’ect hernias done in the Henry Ford Hospital seems to 
indicate that in this institution the factors whicli tend to prevent the 
appearance of a direct hernia were being neglected. At the time of 
Fallis’ report, 88,6 per cent of the hernial repairs were done without 
transplantation of the cord. Since that time, howevei’, transplantation 
of the cord has been done on a greater number of patients with the sat- 
isfactory result of fewer direct recuri’ences. At the present time the 


following rule seems to hold true for hernias operated upon for rccur- 
pence at the Henry Ford Hospital. Those patients wliose primary opei'a- 
tion was performed elsewhere have indirect recurrences; those whose 
primary operation was performed at our own hospital liave direct recur- 
rences. This rule, proposed by Dr. Fallis, seldom fails. Its rationale 


is that the hernias done elsewhere demonstrate that the sac was either 
not ligated at all, or ligated too low (in one case operated upon in 
Europe over 30 years ago, thei-e seemed to be no evidence that the 
external oblique aponeurosis bad ever been opened, a tuck merely having 
been taken in the external ring); while in our own operations done 
oreviotzs to 1937, there is adequate liigh ligation of the sac, but oflon 
Incomplete buttressing of He.sselbaclj ’s triangle. In their review of 
-ncriOTces with the IMcVay herniotomy, Harkins and Ins co-workers 
that with this type of repair iresscihaeh's triangle was 
demon c ^ ^ the one recurrence cited f iie .sac was found 

air’ direct tl.c McT.y „r.. 

at the intern original llahted or the Ba.ssini closure, have 


cedurc, using 
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20 of these cases, it was impossible to determine the dui'atiou of the 
original liernia, the usual reply to the fjuestion being: “For quite some 
time, but I can't say Just how long.’’ 


Table ni 

Ducatiox of Or.icrXAL Herxia ix TninTX-SEVEX Opebatioxs 
FOB Becekrext Ixgcixal Herxia 


DUKATIOX 

XO. OP CASES 

PEKCEXTAGE 

Less than 1 vr. 

c 

16.2 

1 vr. 

z 

S.l 

5 vr. 

.3 

8.1 

10 vr. 

o 

5.4 

Jloro than 10 vr. 


s.l 

Xot known 

20 

51.1 

Total 

37 

100.0 


Original Hernial Type. — Again, it was difficult to detemiine the 
hernial type at the original operation when the operation was done 
at some place other than Heniw Ford Hospital. Occasionally the rec- 
ords of other hospitals could be checked, but in 12, or 32.4 per cent, of 
our eases the original type was not known. At the time of the second 
operation, it was sometimes po.ssible to determine the type of the orig- 
inal hernia from the position of the sae or the tj-pe of the original 
repair. It is interesting to note that in the 2.1 cases we were able to 
check, no saddlebag or femoral liernias were present at the time of the 
original operation, but that at second operation, two direct-indirect 
hernias and one femoral hernia were found. 


Table XV 


Original Hernial Type in Thirty-Seven Oper.ytion.s 
FOR Reci rrent Ingitnal Hernia 



TYPE 

XO. OE <*\.sns 

PEUrEXTAGE 


Indirect 

1!> 

51.4 


niroct 

G 

10.2 

. 

Xot knonii 

12 

32.4 



Total 


100.0 


Ho.spifal of First Operation. — Ten of the 37 iiatients were originally 
0)K'ra1cd uiion at Henry Ford Hospital and it is intoiusting to note 
Ibiit only 3 of the.se cases pre.sented indirect rceiuTcnees, 1 of these 
being the only e:ise of a reeurreiiee from a HeVay herniotomy done in 
this institution. 

T tUa of First Operation . — One of the most interesting factoi-s in the 
operation for recurrent inguinal hernia is the opiiortunity to note the 
t'chniipu' used in the first attempt to rei>air the defect. It is at this 
tune that the student of aiiatonn may oli-erve firsthand the inade- 
quacies (,f SMine tyiies of reimir. ami may learn the true cause for flic 
failure presented to him. Tissue reactions to .suture material have 
prove<l o.Ytremely interesting. In all eases where abs-oihahle sutures liad 
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sntiires are placed on down to the pnbic tubercle, the last being taken 
in Gimbernat’s ligament and resulting in complete closure of Ilcssel- 
baeh’s triangle. 

ANALYSIS OP CASES 

Sex. All of the 34 patients operated upon for recurrent inguinal 
hernia in this series were men. In a series of 200 operations, Fallis 
(1937) reported a percentage of 1.5, or 3 women in the entire series. 

— Seventy-eight per cent of the cases of recurrent inguinal hernia 
A'ere in patients in the fourth and fifth decades of life.- This figure 
3xaetly equals that of Fallis (1937), while Wilmoth (1937) found that 
n his series of 164 cases of recurrent inguinal hernia, 53 per cent were 
leyond the age of 40. This suggests that the general laxness of the 
ibdominal wall structures seen at this age may be directly responsildc 
or the frequently weakened internal oblique muscle. 


Tabue I 


Age Inoidence jn Tsutry-SEVEN Operatjons for 
Becurrent Inguinal Hernia 


AGES 

no. of cases 

percentage 

15-H) 

1 

2.7 

20-24 

2 

5.4 

25-29 

1 

2.7 

30-34 

1 

2.7 

35-39 

2 

5.4 

40-44 

9 

24.3 

45-49 

S 

21.7 

50-54 

9 

24.3 

55-59 

3 

8.1 

60-64 

1 

2.7 

Total 

37 

100.0 

Occupation. — ^Althoug 

h most of the reports 

of recurrent inguinal 

ernia show a major percentage of patients doing 

liard labor, tlie figure 

f 89.2 per cent in our 

series may be somewhat 

liigh, as most of our 

atients are engaged in 

heavy industrial worlc. 



Table II 


Occupation or Patients in Series of Tuirtv-Seven 

Operations for Recurrent ingui.nal Hernia 

OCOUPATION 

NO. or CASES 

rEi;CEN'TA(JE 

Hard Labor 

3.3 

.sr ».:2 

Sedentary 

1 

in.s 

Total 


ton.o 


Duratmi of Original //ennVi.-Six, or 16.2 per cent, of the 3< patients 
resented themselves for operation witliin one year after noticing a 
™ present, while 3, or 8.1 per cent, did not avail tlicmsolves of rc- 
dr until their hei-nia had been present for more than ten .vear.s, Jn 
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been used, the scarring was so extensive that it was difficult to recognize 
and dissect free the essential structures for an adequate repair, while 
in those cases in which sillc liad been used, scarring was minimal and 
tiie laseial layers were easily discernible, greatly facilitating the repair 
ot the defect. Fifteen, or^ 40.6 per cent, of tlic eases had had a Bassiiii 
repair at the first operation, retaining the cord beneath the e.vtemal 
oblique aponeurosis, ivhile 9 or 24.3 per cent, had had the cord trans- 
planted beneath the slrin in the manner of the original Halsfed opera- 
tion. In malving the incision for operation of recurrent inguinal hernia, 
great care must be taken until the cord structures are recognized. If 
the incision is made rvithout regard to underlying structures, a sub- 
cutaneous cord may be easily transected before it is recognized. 

In two eases, the onlj^ evidence of preidous operation was the sldn 
incision and a scarring around the external ring as though several 
sutures had been placed in the loose areolar tissue producing a tucking 
effect and narrowing of the external ring. The aponeurosis of the ex- 
ternal oblique and the cord had been left in position undisturbed. One 
of these patients had had his first operation done in Europe Ihirty 
years prenously. The other one had been operated upon in tJie United 
States. 

TabI/E V 


Type of First Operation in Thirty-Sei’En Cases 
OF Becurrent Inguinal Hernia 


TYPE or OPERATrON 

NO. OF CASES 

percentage 

Bassini 

15 

40.C 

' Oiiginal HaJsted 

P 

' 24.3 

Modified Bassini 

O 

5.4 . 

Ligation of sac only 

1 

2.7 

Closure of external ring 

2 

5.4 

Ferguson 

o 

5.4 

Halsted I-McVay 

1 

2,7 

Not knouTi 

5 

1.1.5 

Total 

37 

300.0 


Suture Material in First Operation. — Silk sutures were found in 9 
cases, or 24.4 per cent, of the series. As was jirevioiisly stated, in tlm.S’c 
eases in which silk had been used as a suture material, identification of 
fascial structures was much less difficult than in tho.s-o cases in wiiieli 
absorbable sutures had been used. Most of the cases in ahieh absorbable 
sutures had been used in the first operation showed evidence of severe 
tissue reaction witli extensive scarring. Silk sutures hai'o been used 
exclusively in all hernial repairs in the Henry Ford Hospital for more 
H n five rears, and in tiie series of MeVay herniotomies reported by 
TTnrldns and Ms associates (1942) silk sutures were c.xtruded in onl.v 
' nostoperativciy, in the presence of wound infection, and this 
one case P weeks following operation, without reeiuTcnce 

Bemin Fascial sutures were not rceoimized in any of the cases 

“I fte time o! 
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Table VI 


Suture iS.Iaterial Used in Uikst Operation 
Observed in Thirty-Seven Operations for Becurrent Inguinal Hernia 


SUTURE AfATEKIAL 

NO. OP CASES 

PERCEICTAGE 

Silk 

9 

24.4 

Absorbable 

28 

75.6 

Total 

37 


Duration to Second Operation. — Table VII gives no indication as to 

the exact time of recurrence. As lason (1941) stated, if inguinal her- 

nias recur, they will often do so within one 

month and usually the re- 

currenee can be noted on 

careful inspection at the time the patient is 

discharged from the hospital. 



Table VII 


Duration to 

Second Operation in 

Thirty-Seven 

Operations for Becurrent Inguinal Hernia 

DURATION 

NO. op CASES 

PERCENTAGE 

1 yr. and under 

3 

8.1 

2 yr. 

C> 

16.3 

3 yr. 

9 

24.3 

4 yr. 

4 

10.8 

5 yr. 

2 

5.4 

0 yr. 

2 

5.4 

7 yr. 

1 

2.7 

S yr. 

0 

0.0 

9 yr. 

0 

0.0 

10 yr. 

1 

2.7 

Over 10 yr. 

9 

24.3 

Total 

37 

100.0 


Hernia Type at Second Operation. — Breaking down the statistics 
showTi in Table VIII reveals the previously mentioned rule that in 
hernias primarily operated upon at Henry Ford Hospital, the recur- 
rence is usually direct, while in operations done elsewhere, the recur- 
rence is usually indirect. Table IX demonstrates all types found at 
the final operation, including the six cases which had two previous 
operations. 

Previous Operations. — In this scries of 37 consecutive operations for 
recurrent inguinal hernia, 31, or 83.8 per cent, had had only one pre- 


Table VIII 

Hernial Type at Second Oper.\tion in 
Thirty-Seven Operations ior Recurrent Inguinal Hernia 


nilST OPE RATION AT HENRY lORD HOSPITAL 

type 


Imlircct 

Hirect 


j NO. OE CA.SE.S I percentage 


first oper.vtion elsewhere 


TYPE 


30 

70 


I NO. OF CASES I PERCENTAGE 


Toinl 


Indvreet 

IG 

59.3 

Direct 

5 

1S.5 

Direct-indirect 

o 

7.4 

Direct-femoral 


3.7 

Xot knonn 

•I 

11.1 


10 


ino 
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vious repair, and 6 or 16.2 per cent had iiad two previous attempts at 
repair of the defect. None of tJie patiejit’s Jmd iiad more tiian two 
pievious operations. None of tiie cases ivitJi two previous operations 
in this series had been operated upon at the Heiu-y Ford Hospital 

Any attempt at repair of a recurrent iiernia which iias been subject 
to two or more previous repairs is recognizably more difficult than a 
primary repair. Tissue defects, plus scarring and obliteration of land- 
marks, all combine to increase the problem of adequate repair. The 
first case in our series presented a combined direct-indirect, femoral 
hernia. Two incisions were made, one over the femoral bulge, and one 
over the inguinal hernia. The entire peritoneal sac was transposed to 
the internal ring by the Hoguet maneuver, but the internal ring was so 
large, that on consent of the jiatient, orchectomy was performed and the 
entire internal ring obliterated. Of the remaining 5 cases, two were 
of the indirect type, and 3 of the direct type, all presenting large sacs 
over 10 cm. in length. 

Truss . — Conclusions based on this review would seem to indicate that 
the truss is falling into disuse in the treatment of inguinal hernia. As 
physical examinations are required for emplojTuent in our larger in- 
dustrial concerns, it is evident that persons with hernias are now more 
frequently seeking surgical repair rather than go on through life with 
such artificial support as a truss provides. Only 8, or 21.6 per cent, 
of our patients gave the history of wearing a truss, leaving 29, or 78.4 
per cent, who preferred eail.v sui’gical ti-eatment. It is generally recog- 
nized that the trauma produced by wearing a truss I’csults in extensive 
adhesions and scarring in the region of the hernial site adding to the 
difficulty in reirair. This observation was borne out in our series of 
operations upon these patients. 

Relative Frequency of the Side Involved . — Contrary to the observa- 
tions of Fallis, (1937) the greater number of our patients pre.scnted 
recurrences on the right side. We offer no explanation for this liappen- 
ing. 

Anesthesia . — Spinal anesthesia is used in almost all operations done 
in the Henry Ford Hospital for inguinal hernias mainly because of its 
simplicity and the better relaxation which results. Other tyi)cs of anes- 
thesia are used only when there is .some definite contraindication to tlie 
spinal anesthetic. General ancstlio.sia is usually avoided, and was used 

T.sbi.i: IX 


■pri \TIVE Fr.r.QVEKCY IX THE SlI>E I.XVOI.VEH I.V TniETV-PEVEX 
COXSECUTWE OpEr..\Tio.v.s loi: REcunr.EX-T I.xonx.vr. Hei:xm 


Rigl't 

Left 


NO. oi' 


I'rnrKNTAOK 


24 

1,? 


'jO. I 


Total 


100,0 
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primaril.v only in cases in which the patient was so apprehensive that 
it was necessary to give ethylene anesthesia to control him. In one 
case, where the operation was extensive and the effect of the spinal 
anesthetic ceased before the operation was finished, ethylene gas was 
given as a supplementary anesthetic. Local novocain anesthesia was 
used in one case in which the blood Kline reaction was positive, and it 
was deemed advisable not to use a spinal anesthetic. The patient is 
routinely given a barbiturate on call to the operating room, which gen- 
erally produces the desired sedative effect. 


Table X 

Anesthesia Used in Thietv-Seven Consecutive 
Operations for Recurrent Inguinal Hernia 


ANESTHESIA 

NO. OP CASES 

PERCENTAGE 

Spinal 

33 

89.2 

Ethylene 

9 

5.4 

Spinal supplemented 
with etliylene 

1 

2.7 

Local 

1 

2.7 

Total 

37 

100.0 


Size of Sac . — A definite peritoneal sac was observed in all the cases 
in this series. A sac of 10 cm. or moi’e in lengtli is classed as a large 
sac, one 5 cm. or more in. length, as a medium sac, and a small sac is > 
less than 5 cm. in length. 


Table XI 

Size of sac in Thirty-Seven Consecutive 
Operations for Recurrent Inguinal Hernia 



SIZE OF SAC 

NO. OF CASES 

PERCENTAGE 



Large 

11 

37.S 



Medium 

19 

51.4 



Small 

4 

10.8 




Total 

37 

100.0 



'i'vpc of Hernia . — Table XII merely classifies the type of inguinal 
hernia found at the final operation reported in this .series, including the 
SIX jiatients upon whieh two operations had previously lieen done. It 
rejiresents a distribution similar to that found in most .series of liernial 
operations. 

Operation.— As has been diseu.ssed previously in this article, emphasis 
was placed upon the use of free fascial strips in the repair of recurrent 
mgmnnl liernia until one of us (II.X.H.) became familiar with the 
^MeYny iiroeedure. Since that time, the MeVay procedure has been 
used almost oxelusivoly, but may be supplemented with fascia whenever 
uepnied necessary. 
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Table XII 


Type of Hernia in Thirty-Seven Consecvtive Operations 
POR Eechrrent Inguinal Hernia 


TYPE OP HERNIA 

NO. OF CASES 

PERCENTAGE 

Indirect 

IS 

4S 6 

Direct 

15 

■ 40.(3 

Direct-indirect (Saddlebag) 

2 

5.i 

Direct-femoral 

1 

O J 

Direct-indirect-femoral 

I 

2.7 

Total 

37 

100.0 


Table XIII 


Operative Technique Used in Thirty-Seven Consecutive 
Cases op Recurrent Inguinal Hernia 


OPERATION 

NO. OP CASES 

PERCENTAGE 

Halsted I 

With fascia 

5 

13.5 

Witliout fascia 

3 

8.1 

Halsted I-McVay 

With fasci.a 

6 

16.2 

Without fascia 

7 

1S.9 

Bassini-McVay 

With fascia 

1 

2.7 

Without fascia 

15 

40.6 

Total 

37 

lOO.C 


Associated Operations. — Most of the associated oiierations listed arc 
those which may be found eoncniTent with tlie repair of inguinal hernia. 
Although man}^ surgeons prefer not to repair both sides at the same 
time in bilateral hernias, we have noticed no ill effects whieli miglit bo 
attributed to the performance of the combined operation. In six of 
our cases a herniotomy was performed on tlie opposite side at the same 
sitting. Three of these ivez'e for primary hernia and three for recur- 
rent hernia. In eases with an accompanying large Iiydroccle, we prefer 
to lift the testis from the scrotum and invert tlie tunica vaginalis, iiold- 
in" it in place with one or two sutures, thus doing the “bottle” opera- 
tion, and then returning the testis into the scrotum. 


Table XIA’’ 


Associated Operations in Thirty-Seven Operations 
FOR Recurrent Inguinai, Herni.v 


- associated operations no. op CA.S'E.S 

Opposite inguinal iiomiofoinv fi 

''Bottle'' operation 2 

Orchectomy 

Femoral lierni.a ' 

• Umliilical lierm*! 

XOVC ^ 


ri:i:ri:STA(iK 


1(!.C 

.i.) 

»•) r 



mo.o 
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Folloiv-up . — If the rule stated by lason (1941) holds true, the results 
of this series of 37 operations for recurrent inguinal hernia may he 
held as being quite promising since no recurrences of liernia have been 
observed to date. It has been difficult to continue an adequate follow-up 
at the present time because of the continual sliifting of population and 
the induction of men into the armed forces. Almost one-half of our 
cases have been followed for two or more years, and we shall continue 
in our efforts to trace the remaining cases for a longer period of time. 

Postoperative complications have been few and relatively inconse- 
quential considering the severity of the condition presented. Slight pain 
has persisted in the region of the operative wound in 13, or 35.1 per 
cent, of our eases. Atrophj^ of the testis on the involved side has been 
noted in one case. 

Table XV 

Follow-Up in Thiety-Seven Consecutive 
Operations for Eecukrent Inguin.vl Hernia 


DURATION 

NO. OP CASES 

PEKCENTAGE 


4 

10.8 


3 

8.1 


10 

27.0 


4 

10.8 


7 

18.9 


9 

24.4 

Total 

37 

100.0 


In Pallis’ series (1937) of 200 recurrent inguinal hernia operations, 
there were 26 recurrences after reoperation (13 per cent). Since 21 
of the 26 (81 per cent of the secondaiy recurrences) were noted uithin 
less than two years, our follow-up of almost one-half of our cases for 
that length of time is e.speeially significant. 


SUMMARY AND CONCLUSIONS 


1. The factors involved in the recurrence of inguinal hernia are 
renewed. 


2. The application of the IMcYay modification of the Lotheissen oper- 
ation for femoral hernia to recurrent inguinal hernia is presented. This 
procedure utilizes Cooper 's ligament instead of Poupart ’s ligament. 

3. The use of free fascia grafts in recurrent inguinal hernia is dis- 
cussed. 

4. We present a series of thirty-seven eonsecutive operations for re- 

current inguinal hernia, most of which were performed with the use 
of free fascial grafts or a Cooper’s ligament (MeVay) herniotomv, done 
m the Henry Ford Hospital on a single .surgical service durhm the 
years 1940 to 1942. ” 


a. Xo rccuvreneos of hernia in the cases whicli 
follow have been noted to date. 


we have been able to 
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A STUDY OF RECURRENCES FOLLOWING INGUINAL 
HERNIOPLASTY 

With Report of New Operation 

Herbert E. Stein, M.D., F.A.C.S., and Daniel Casten, M.D. 

New York, N. Y. 

(From the Surffical Services of the Hospital for J oint Diseases) 

T here are few operative procedures of which the results are so 
little known as inguinal hernioplasty. Halsted^ once stated that 
he had not had a recurrence in twenty years. A similar report was 
made by Torek a few jmars ago during a symposium at the New York 
Academy of Medicine. While most surgeons admit a moderate per- 
centage of failures, some put the figure as high as 40 to 50 per cent. 

In an attempt to ascertain the true status, two means of approach 
bare been utilized: (1) review and analysis of the curi’ent and past 
literature; (2) a questionnaire. 

(1) A review of the important reports in the surgical literature dur- 
ing the past ten years is given in Tables I and II. Analysis of these 
reports discloses a wide variation in results. For indirect hernias the 
recurrence rate varies from 0.4 to 33.3 per cent with the average below 
10 per cent. For direct hernias the recurrence rate varies from 2.7 
to 33,3 per cent with the average between 15 and 20 per cent. Many 
factors are responsible for this divergence and these will be discussed 
subsequent!}’-. 

(2) The following questionnaire was sent to 150 recognized hospitals 
and universities throughout the country. A few questionnaires were 
sent alu'oad. It will be noted that only the essential facts were sought : 

1. Date of survey 

2. Age of patient 

(a) Younger than twelve years 

(b) Older than twelve years 

3. Number of patients operated upon (if bilateral, consider as two) 
(a) Indirect inguinal hernia 
(b) Direct inguinal hernia 

(c) Recurrent inguinal hernia 

4. Type or t}’pes of operation 

o. Number of patients returning for follow-up examination 

C. Time between operation and follow-up examination 

7. Of the patients with vociu-veneos operated upon, what percentage 

l^^^l had the primary repair at your hospital 

necplvcd for publication. July 12, 1943. 
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Table II 

Eesults of Operations for Eecurpent Hernias 



'' CASES 

1 RECURRENCES | 


AUTHOR 

FOL- 

NO. 

PER 


REMARKS 


LOWED 

CENT 



Erclman^ 

51 

12 

23.1 

Halsted and Bassini type operations, 
IVillvs-Andrevs used for direct 






hernias 

Glenn A McBridei-’ 20 

G 

30.0 

Halsted repair, silk technique 

FallisH'i 

200 

2G 

13.0 

Transversalis fasci.a sutured to Pou- 
part’s ligament, Halsted and Bas- 
sini type repairs, silk sutures 

Burdick, 

2G2 

92 

35.2 

Fascial sutures used in Gallic type 


Gillespie, repair 

Higgenbotliamis 


grace & 34.0 All patients over 50 yis. Bassini re- 

Jolmsonie 


Parsons!" 

22 


25.0 

Chromic catgut used, Halsted type 
repair 


42 


7.0 

Silk sutures used, Halsted type repair 

Longacreno 

G9 

s 

11.6 

Halsted or Bassini type operation; 
silk-, catgut, and fascial sutures 

lVakely=! 

Gray2“ 

59 

4 

23 

0 

3S.C 

0 

Bassini type repair 

Rectus sheath sutured to Poupart'.s 
ligament with fascial strip from 
e.Ntcrnal oblique 

Williamsonse 

9 

1 

11.1 

Fascia lata or strips from e.Ntcrnal 
oblique used for repair, Bas.sini 
typo repair 

Estes^i 

ir 

3 

17.0 

Rectus sheath sutured to c.xternal 
oblique aponeurosis and fascia im- 
bricated 

MacFoo32 

7 

1 

14.0 

Cord transplanted to femoral canal, 
all patients over 50 yrs. (dillicull 
cases) 

SteinS3 

13 

1 

7.0 

Internal oblique aponeurosis incised 
and the llap sutured to Poupart s; 
internal ring narroued 

8. Number of 

recurrences 




(a) Indirect inguinal iicrnia.s 

(b) Direct inguinal hernias 

(c) According to type operation 


Keniarhs obtained, of wl.id. eigl.t eontain.H 

ily tlnr }- hospitals apologized for their inalulity to giy 

ificantdata. I inadeiiuate per.sonnel. ^ cry little 

desired ^ from the.se (luestinnnaires beyond that al- 

rmation was The following are sper-iinen resimns.'s. 

ly found in the literature. 
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1. Patients do not return for examination but are contacted 
by letter, follow-np for six months postoperatively. Kecnr- 
rences; indirect, 2.73 per cent; direct, 3.09 per cent (AYalter 
Reed Hospital). 

. 2. The time betAveen operation and follow-up varied from 
six months to tAvo years. The number in each group Avas not 
stated (Ncav York Hospital). 

3. Rhode Island Hospital reported 103 cases of AA'hich 54 
were examined in three months Avith a 10 per cent recurrence 
rate. 

4. No .statement as to time of folloAv-up (Indiana UniA’er- 
sity). 


As can be obserAmd from tlie preceding information there is a great 
di.serepanc}’’ in the reported results and frequently an inadequate 
knoAV’ledge of the end results. Some of the causes of this discrepancy 
may be summarized as folloAvs. 

First, a large percentage of patients Avith recurrence do not consult 
the original operator. This is definitelj' shoAvn by tlie fact that of the 
patients Avith recurrent hernias that present themselves at any hos- 
pital, almost 75 per cent had been primarily operated upon at another 
hospital.^ 

Second, the time elapsing betAA-een the operation and the folloAv-up 
is frequently too short. Examinations should continue for at least tAvo 
years and probably longer. While most recurrences are observed in 
the first year after operation they may appear after tAventy years. 

Third, the patients have not been personally examined but have been 
permitted to report by mail and it is Avell knoAA'n that many patients 
have a recurrence AA-ithout knoAving it. 

Fourth, the percentages are occasionally calculated on the basis of 
the operations instead of on the number of cases re-examined at the 
folloAv-up clinic. 


Fifth, many reports group hernias in children Avith those of adults. 
As recurrences in the former are very infrequent even after the sim- 
plest form of opez'ation, inclusion of these age groups in the reports 
mves a much lower general percentage recurrent rate. Coley and 
lloguct,'' reporting on 5,000 cases, record a very Ioav percentage of 
recurrence. IIoAvcver, over 50 per cent of the patients in this series 
"’ere under 12 years of age. 

There is a groAving realization that operation has failed to cure 
inguinal hernia in a large percentage of patients. The figures often 
given for reeurrciiccs (2 to 7 per cent for indirect hernias; 10 to 15 
per cent for direct liernias; 25 to 35 per cent for recurrent hernias) 
appear entirely too Ioav. 

We Avould suggest the following method for ascertaining the true 
I'gures. A clearing house should be set up, manned by som'e national 
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organization such as the College of Surgeons. A report of every re- 
current hernia, whether operated on or not, should be sent to this 
clearing house which would then notify the hospital at which tlie pri- 
mary operation had been done. This hospital in turn sliould send an 
abstract of the original finding back to the clearing Louse. 


CAUSES OP RECURRENCE 

We believe that recurrences are dependent upon one or several of the 
following factors. 

1. Persistence of original structural wealaiess or defect 

(a) Weak internal oblique muscle 

(b) Weak or torn transversalis fascia 

(c) Long mesentery 

(d) Obesity (?) 

2. Inadequate operative procedure and technical errors 

(a) Failure to narrow internal ring 

(b) Internal oblique muscle sutured to Poupart’s ligament causing 
atrophy and paralysis 

(e) Interference with blood supply either by stripping tlie areolar 
tissue from the aponeurotic structures, tying ligatures too 
tightly, or inclusion of too much tissue in the ligature or suture 

(d) Incorrect or insufficient resection of neclc of sac 

(e) Inclusion of omentum in sac ligature 

(f) Trauma, incomplete hemostasis, suppuration 

(g) Failure to recognize concomitant indirect and direct hernia 

(h) Use of the same technique for direct Iiernia as fo 2 - indirect 
hernia 

(i) Division of nerves (^) 

(j) Improperly formed knots, earJ.v absorption of suture material 

(k) Bilateral operation at one sitting, tending toward more hasty 
and traumatic dissection, incomplete hemostasi.s, infection, pro- 
longed anesthesia, pulmonary complications 

3. Postoperative increased infra-abdominal pressure. 

(a) Cough 

(b) Early intercoui’se 

(c) Excess weight lifting 

(d) Abdominal tumoj- or ascites 

(e) Constipation 

(f) Urinary obstraction (prostafic hypertrophy 1 


TVTrs or nr.cuum:sci:s 


n't The recurrence may appear as an indirect hernia. The .slatemriit 
ften been made that an indirect inguinal hernia, p)o;)erly o!)eraled 
recur as such, the recurrence being considered eifber a new 
upon, Cc one. We do not believe tlie facts bear out (he eor- 

hernia or a ire Rceurrenf liernias frequently protrude 
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directly through, the internal ring with a typical indirect hernial sac, 
even though at the primary operation the sac had been recognized and 
removed. The elasticity of the peritoneum is well known and if the 
internal ring had not been narrowed and protected at the primary 
operation the possibility of an outpouching of the peritoneum through 
the patent ring is always present. Every surgeon has seen these rings 
frequently stretched to a diameter of 4 to 5 cm. Adequate closure of 
the ring leaving only sufficient space for the exit of the cord structures 
is both logical and imperative. 

(2) The recurrence may appear as a direct hernia as a result of one 
or more of the folio-wing contingencies: (a) The primar 3 ^ indirect 
hernia may have been completely cured, the secondary hernia appear- 
ing as a direct one ; (b) the direct hernia may have been present but 
not noted at the first operation; (e) selection of the naturally weak 
route of Hesselbaeh’s triangle for repair of a femoral hernia may result 
in a subsequent direct inguinal hernia; (d) cure of the direct hernia 
may have been difficult because of inadequate operative utilization of 
the natural defenses at this area. The interrelationship between direet 
inguinal and femoral hernias was brought very forcibly home to one 
of us when, after a case of bilatei-al direct hernias was cured, the pa- 
tient presented himself after one year with bilateral femoral hernias 
which had not been present at the time of the primary opei’ation. 

(3) A spigelian hernia may result. This is a hernia along the semi- 
lunar line. At this site there is an area of inherent weakness, covered 
only by the faseia of the internal oblique muscle, without an 3 ’- under- 
lying muscular structure and situated on a plane cephalad to that of 
the internal ring. If the internal oblique fascia is cut at this point one 
comes directbv upon tlie transversalis fascia and peritoneum. In using 
our technique it is imperative that the incision of this fascia not be 
extended be 3 mnd this weak point. Herniation through this space re- 
sults in a bulge ^\dien the patient attempts to raise his trunk from a 
horizontal to a sitting posture without the aid of his arms. This was 
noted in one of the earlier eases. 

PREVENTION OF RECURRENCE 

Prevention depends upon the adherence to certain principles, the truth 
of which has been proved. These are (1) elimination of the causes 
as far as possible; (2) re-establisliment of the natural pln^siologic and 
mechanical forces; (3) selection of the proper procedure; (4) avoid- 
ance of technical errors in the course of the primaiy operation. As all 
these factors cannot be completeh' controlled in eveiw patient, it is evi- 
dent that we cannot hope to attain perfect results in the treatment of 
henna. However, if we are able to reduce materially the number of 
rccuvrcnees, we can claim considerable progress. 

We have attempted to adhere to thc.se jirinciples in our technique 
the details of which have been previously reported by one of us 
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(H. E. S.). The essential features izi the repair of indirect hernia are 
elimination of tlie sac, narrowing of the internal ring, forming a flap of 
tlie internal oblique aponeurosis, and suturing it to Poupart's ligament 
tliereby improving the trap-door action of the infernal oblique muscle. 
In direct hernias there are two types to consider; (a) those cases in 
n hich a distinct opening in the traiisversalis fascia and a fusiform sac 
are noted, and (b) those in which there is simply a bulge in the traus- 
versalis fascia and underljdng iieritoneum. Tu the former group, elimi- 
nation of the sac by excision or infolding is necessary, followed hy 
closure of the defect in the traiisversalis fascia; while hi the latter, tlie 
traiisversalis fascia is incised medially to the curving free edge of the 
internal oblique muscle and the cut edge of fascia thus formed is 
sutured to Poupart’s ligament posterior to the line of suture between 
the internal oblique aponeurosis and Poupart's ligament. Ihilpss the 
sac is very large it is not iiece.ssai-y to open and excise it in this, the 
usual type of direct lieriiia. 


The importance of the internal oblique muscle has only lately been 
recognized but not sufficiently stressed. Probably in the ma,ionty of 
surgical clinics, the curving free edge of the muscle is sutured to 
Poupart’s ligament. It cannot be denied that this step in the original 
Bassini operation was a great advance over the types of operation then 
perfoi’med. However, we feel strongly that under no eimmis(anee.s 
should tlie internal oblique muscle he sutured to the inguinal ligament 
This applies equally to operations for direct or indirect hernia. Sueli 
suturing immediately immobilizes and causes subsequent disuse of the 
ninsele and this is one of the factors in the causation of recurrence. 
The internal oblique muscle has a definite function to perform. Con- 
traction, following increased intra-ahdominal pressure, tends to 
straighten out its line and thus close the space existing between the 
free edge of the muscle and Poupart’s ligament in the upper three- 
quarters of the canal, at the site of the internal ring. 


Proper exposure of the lower portion of the ijigunial eaiml is essen- 
tial to the cure of a direct hci-nia and to the prevention of direct 
hernias following operation for indirect liernia. .lin adequate incision 
extending down to the puliic spine followed by separation of the nnder- 
Iviim tissues by clean di.ssoelion will acezinijdish the desirctl result if 
stoidd not be necessary to retract forcibly at this point, although tins 
is usually done, causing undue trauma. 

Avoidance of tension in approximation of the tissues is cicn more 
' * 'tant IlowcYcr, the usual method of snfining of the conjoined 
nnpoi structure rarely more than three-quarters of an inch 

tendon p or most median poitinn of Jffiiijiari ’s ligament, 

mlengu; gt,.j,c{urc, cannot be accomplished ivilliont tension, 
anotnei i- _ ‘ through of the siitnie is liound to result 

Xeci’osis 01 tissn whether absorbahle or nonabsorbable sutine 

in the ma.iority ot cast , 
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material is used. It is well known that this low'er angle is a most 
mlnerable area. The technique of developing a flap from the internal 
oblique aponeurosis and suturing it to the lowest portion of Poupart’s 
ligament absolutelj^ fulfills this first principle of aU plastic work and 
at the same time establishes a complete and firm barrier. 



I;— A, Aponeurosis e.\ternal oblique muscle ; B, aponeurosis internal oblique 
muscie; internal oblique muscle; E, fascial strip from extermal oblique aponeurosis: 

of aponeurosis of internal oblique: flap of aponeurosis of internal 

oDiique; P, Poupart’s lig-ament. Q, transversalis fascia; and R, epigastric vessels. 

A great deal of attention has been devoted recently to the tj-pe of 
suture material used. It is quc.stionable wliether this is a reasonable 
imd significant factor. Tliese discu.ssions have been repeated in the 
surgical litoi-ature time and again and the relative merits of wire, silk, 
catgut, and fascial sutures have been thoroughly debated. The impor- 
tant considerations are tensile strength tissue irritation, absorbabilitv. 
ami predi.sposition to infection. Of late, fascia is being discarded and 
silk, cotton, wire, and plastic sutures are receiving more attention. 
'Ihe use of very fine chromic catgut for suture material also has its 
advocates. Parsons believes that linen predisposes to infection, while 
silk causes practically no ti.s.snc reaction. In spite of the care devoted 
to proper selections of .suture material, many reeurronees arc beiim 
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reported with each t^JC. As pointed out freQuently, it seews jUogmi 
ioi the sutnrc matewal to be of greater tensile strength than that of 
t le tissues approximated. The main reason for our better results is 
probably due to the lesson we have learned of doing cleaner, sharp 
dissection and avoiding the errors as enumerated aboA'e. 



Fig. 2.’ — A, Aponeurosis external oblique muscle; D, suture through mternal (deep) 
rinE** U, mattress sutures uniting internal oblique fascia to Poupart's ligament; F, cut 
edge’ internal oblique fascia; JT, fascial flap Internal oblique muscle; and F, Pouparts 
ligament. 


The technique of our operation for the cure of recuri’ent Iiernia dif- 
fers only in a few details from the proeeclure for the cure of tlic 
primary hernia. It is advisable to start the incision hjglier than the 
site of the pvevioixs operation so as to expose the external oblique 
noueurosis cleanly and folIo^v' down from this point. The possibility 
1 t the cord had been transplanted subcutaneomsly at tlio primary 
f must he borne in mind and due care taken to avoid injury. 
opera preferable. The sac, espeeiany of the indireet 

Sharp visually adherent to the surrounding fi.ssue.s, is .separated 
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and dealt with. The internal oblique muscle wiU usually he found to 
be partially adherent to Poupart’s ligament. This must be severed 
completely and restored to its former free state. Even if premous sup- 
puration has destroyed a large part of the external aponeurosis, it is 
always possible and essential to expose the internal oblique aponeurosis 
and from it fashion the firm flap to be sutured to Poupart’s ligament. 
If the internal ring is large it must be narrowed by taking a few mat- 
tress sutures approximating its edges. In the earlier series, fascial 

Table III 


Statistics Author’s Operation 


TYPES 

XUAIBER 

FOLLO^V-UP 

RECUREEXCES 

PER CENT 

Indirect 

135 

114 

3* 

2.6 

Direct 

GO 

51 

4 

7.S 

Indirect and Direct 

18 

15 

1 

6.6 

Recurrent 

21 

19 

2t 

10.0 

Total 

237 

199 

10 

3.0 

•All recurred as direct 

hernias, 1 yr.. 15 mo. and 3 yr. postoperativeiy. 

tPt. 1, G. K., paretic, 

aged 51 years 

, sliding recurrent. 


Ft. 2, T. K.. aged 64 

vears, Poupart's ligament 

almost completely 

destroyed at 

previous operation. Suture material in pt. I and II, 

autogenous strips of fascia. 


Tabus IT 




Length or Follow-up Period'’ 



LESS 

THAX 

BETWEEN 

OVER 


OXE 

YE^VR 

1 AND 2 YR. 

2 YR. 

Indirect 

19 

17 

78 

Direct 


4 

3 

44 

Indirect and direct 


4 

5 

6 

Recurrent 


2 

1 

16 


•All patients exammed personally by the authors. 


strips were taken from the cut edge of the external oblique aponeurosis 
and fashioned as sutures according to tlie McArthur technique. In 
the later cases very fine silk or double zero chromic have been used. 
Subaponeurotic transplantation of the cord has been done in most but 
not all eases, particularlj' in the direct hernias. The results of this 
operation are illustrated in Tables III and IT. 

CONCLUSIO.XS 

1. There is a wide discrepancy in the reported results. 

2. This can be corrected by adopting a uniform system of follow-up 
studios. 

3. A sounder luiderstanding of the anatomic, physiologic, and me- 
chanical forces involved in the causation and cure of inguinal hernia is 
essential, 

A The application of these principles to the projier choice of operation 
IS illustrated in the techniques dc.scribcd. 
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SUEGICAL TEBATMENT OP CAECINOBIA OF THE 
PAPILLA OF VATER 


Howard K. Gkav, BI-D.,*" and Wendell S. Sharpe, BI.D.t 
Eochestek, BIinn. 

L esions of the papilla of Vater challenge the ingennity and ability 
i of the surgeon. This tiny eminence in the duodenal mucosa pro- 
vides in most persons the principal exit to the gastrointestinal tract for 
the secretions of the biliaiy tract and the ijanereas. Tumors in this re- 
gion are not rare and since they are small, grow slowly, metastasize late 
if at all, and provide ear*ly signs of their presence, they should be 
amenable to surgical treatment. Thirty years ago Upcott^ wrote, 
“There is probabl 3 ^ no position rvithin the bodj', outside the central 
nervous sjmtem, where a growth, while j’et so small, is heralded by more 
Avidespread S 5 Tnptoms.” Yet since McNeaP first described carcinoma of 
the papilla of Vater in 1835, as far as we could ascertain less than 125 
attempts to remove the lesion have been reported in the literature to 
1942, and the disease is rarel.v diagnosed clinicallj’. 

Until recently the major obstruction to the perfection of a method of 
resection of these lesions was the belief that the permanent interruption 
of the pathway of pancreatic external secretions was not compatible with 
life. Other factors more or less responsible for the lack of progress were 
enumerated b.v Judd and Hoernei*.® These are (1) the insidious onset 
of the disease, (2) the generall.v poor condition of the patients, (3) the 
relative inaccessibilitj' of the lesion, (4) the proximity of important 
structures which cannot be sacrificed, and (5) the extreme teelmical 
difficulties of resection. The relativelj- few attempts at resection for 
tumors in this region that have been made from the time of Codivilla^ 
in 1S9S, to 1935, when Whipple and his co-workeis^ devised a two-stage 
operation, and even to 1941, when Trimble and his associates' devised a 
single stage operation, have not been uniformlv successful. Palliative 
operations ob^dously leave much to be desired. If possible, a successful 
toehnique should embodj' the tenets of surgical treatment of carcinoma 
that is block removal of tlie tumor witJi its contiguous structures and 
Ijanpliatic patliwaj's of drainage. Each step in this direction is progress 
so that Whipple' and Trimble and his associates' deserve much credit 
for their suggestions which will be described more fully later in this com- 
munication. 

The purpose of this study i.s to present the results of sm-gical treat- 
ment of carcinoma of the papilla of Vater in the Blayo Clinic and to con- 
sidcMho typos of treatment available. From 190S to November, 1941, 

*imi,-ilon of SurKOr.v. Mnyo Clinic. 
tPclIow in Surfrcni-. Mnyo Foimd.ntlon. 
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inclusive, ^ resection for carcinoma of tlie papilla of Yater ivas carried 
out in nine cases. In Hie same period palliative operation only iras 
performed in twenty-tliree eases, but carcinoma of the papilla of Vater 
ivas proved by biopsy or necropsy. In three more cases an e-vploratorv 
operation ivas performed but proof of the nature of the tumor mas ob- 
tained by biops3' or neerops.v. In about seventy additional eases the 
siugeon felt that in all probability' the lesion for mhieh a palliative op- 
eration was necessary ivas a carcinoma of the papilla of Vater, although 
no tissue was renioi'od for examination. In twenty of these, the surgeon 
felt and described a tumor at the papilla and stated its location in posi- 
tive terms. These twenty eases are presented as a special group for 
comparative jiurposes. 


DEFINITIOX, ETIOLOGIG FACTORS, AXD IXCIDEXCl! 

Strictlj' speaking, carcinoma of the papilla of I^ater is limited to the 
tinj’’ eminence forming the exit of the ampulla. The regional anatomy 
is so minute (the entire region maj’ be circumscribed by* a circle 1 cm. 
in diameter) that the term has come to be applied to any tumor arising 
from anj' one of six sources since the symptoms, clinical eoiime, and 
treatment of all are identical. Outerbridge® suggested six plausible 
points of origin of these tumoi's : (1) the epithelial lining of the ampulla 
itself; (2) the epithelium lining the common duct at its lower end; (3) 
the epithelium of the terminal portion of the pancreatic ducts; (4) the 
duodenal mucosa directly covering the papilla; (5) the glands of Briin- 
ner on rare occasions, and (6) aberrant pancreatic tissue. 

Carcinoma of the papilla of Vater and the ampullar region is not a 
i-are disease. About 55 to 65 per cent of cai'cinoma of the duodenum is 
periampullar in origin.®’ ® Probabl.v carcinoma of this region is en- 
countered in about 0.2 per cent of necropsies.’®' ” 

The causative factors of these tumors are unknown. Carcinoma of the 
gall bladder is associated with lithiasis in about SO per cent of cases, but 
choledocholithiasis is associated with carcinoma of the painlla of Vater 
present in onh' from 15 to 25 per cent. 


P.ATHOLOGIC ASPECTS 

The gross and microscopic pathologic changes in many of the cases 
included in this article w’ere studied by Baggensfoss.’® The growths 
were generally small, firm, nodular masses from 1 to 3 cm. in diameter, 
protruding into the lumen of tlie duodenum. iMany were polypoid or 
had ulcerated. AH had risen from glandular elements (Fig. 1). .Alctas- 
M is was found late when it occurred at all. Outerhridge reported that 
evidence of metastasis was found at necropsy in only 22 per cent of 

110 cases. cnixic.m cox.srDi:R.vTio.vs 

fMct that the presence of these tiimoi-s rarely had been 
The appafo^o^^ necropsy or exploratory surgical procedures led 
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Sliarpe and Comforf^' to study forty cases of carcinoma of the papilla 
of Vater in an attempt to aid timely and accurate diagnosis. In only 
one of the forty cases had the diagnosis been made prior to operation, 
but in thirty-eight some obstruction to the common duct was evident. 
The history and clinical observations were not tjqiieal. The disease was 
not alwaj’^s painless nor was the jaundice always progressive. Since the 



. Fig. 1 , — ^Adenocarcinoma of ampulla, grade 1 ; cellular differentiation is apparent 
the production of well-formed glandular spaces. The carcinoma cells are tall 
and fairly uniform m size (XGO) 


disease simulated both obstruction to tiie common duet and hepatogenic 
jaundice, the decision to resort to surgical intervention was often diffi- 
cult to make. Intrahepatic jaundice is not a surgical problem but anj' 
mechanical obstruction to the common bile duet is. The liope of suc- 
cessful surgical treatment of any malignant disease lies in earlj- diag- 
nosis, and an}’- patient wiio displays evidence of obstruction to the com- 
mon duet should be given the benefit of exploration if tliose symptoms 
persist longer than six to eiglit weeks and no adequate explanation is 
found. Careful study will usually eliminate liepatogenie jaundice in 
that period of time. 

Dift'ercntial diagnosis in the presence of a patent orifice with partial 
obstruction of the common bile dnet is difficult. Bcnigji stricture, stones 
in the common duct, and carcinoma of the head of tlie pancreas are a 
few conditions that must be considered. Tlio treatment of all of those 
entities is surgical, however, and surgical intervention should be iusti- 
tiiled at the earliest possible moment. Chronic interstitial pancreatitis 
hepatogenic jaundice, and toxic hepatitis caused in- various ingested 
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inclusive, ^ resection for carcinoma of the papilla of Vater was carried 
out in nine eases. In ibo same period palliative operation only was 
performed in twenty-tliree cases, but carcinoma of the papilla of Vater 
was proved by biopsy or necropsy. In three more cases an exploratory 
operation was performed but proof of tlie nature of the tumor was ob- 
tained by biopsy or necropsy. In about seventy additional eases the 
smgeon felt that in all probability the lesion for which a palliative op- 
eration was necessary was a carcinoma of the papilla of Vater, although 
no tissue ivas removed for examination. In twenty of these, the surgeon 
felt and described a tumor at the papilla and stated its location in posi- 
tive terms. These twenty eases are presented as a special group for 
comparative purposes. 


DEPINITIOA*, ETIOWGIC FACTORS, AND INCIDENCE 

Strictly speaking, carcinoma of the papilla of Vater is limited to the 
tiny eminence forming the exit of the ampulla. The regional anatomy 
is so minute (the entire region may be circumscribed by a circle 1 cm. 
in diameter) that the term has come to be applied to any tumor arising 
from any one of six sources since the symptoms, clinical course, and 
treatment of all are identical. Outerbridge® suggested six plausible 
points of origin of these tumors : (1) the epithelial lining of the ampulla 
itself; (2) the epithelium lining the common duct at its lower end; (3) 
the epithelium of the terminal portion of the pancreatic ducts; (4) the 
duodenal mucosa directlj" covering the 2 )a 2 )illa; (5) the glands of Briin- 
ner on rare occasions, and (6) aberrant pancreatic tissue. 

Carcinoma of the papilla of Vater and the ampullar region is not a 
rare disease. About 55 to 65 per cent of carcinoma of the duodenum is 
periampullar in oi-igin.®' ^ Probably carcinoma of this region is en- 
countered in about 0.2 per cent of necropsies.’*’’ ” 

The causative factors of these tumors are unknown. Carcinoma of the 
gall bladder is associated with litliiasis in about SO per cent of cases, but 
choledoeholithiasis is associated witJi carcinoma of tlie pa 2 )il]a of Vater 
present in only from 15 to 25 per cent. 


PATHOLOGIC ASPECTS 

The gross and microscopic pathologic changes in many of the casc.s 
included in this article rvere studied fay Baggenstoss."’ The growths 
were generally small, firm, nodular masses from 1 to 3 cm. in diameter, 
protruding into the lumen of tlie duodenum. iVany were polypoid or 
had ulcerated. All had risen from glandular elements (Fig. 1). Meta.s- 
fq«is was found late when it occurred at all. Outerbridge reported that 
evidence of metastasis was found at necropsy in only 22 per cent of 

110 cases. clMgal cox.sidebatioxs 


tint the nrescnce of these tumors rarely had been 
osploratorj. su,8i«al W 
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of a Eoux Y gastrojejunostomy. Continuity of the biliary tract was 
maintained by eholecystojejunostomy performed over a lilurpliy button. 
This was probably the first example of the one-stage operation now 
recommended by Trimble and his associates.® 

Sauve^® not only collected reports of the operations previously per- 
formed but, in 190S, suggested the first true two-stage operation aimed 
at removal of the tumor. In his fii'st stage Sauve performed only gastro- 
enterostomy, and resected the necessary portion of duodenum irfth its 
contiguous structures at the second operation. Usually cholecystoje- 
junostomj* was used to maintain biliaiy continuity. 

Outerbridge,® in 1913, reviewed 110 eases of carcinoma of the ampulla. 
Eesection had been performed in only twentj-'-two and in all but five 
of these, transduodenal excisions onl5’- wei’e performed. There were 
eight primary surgical deatlis ; five more patients died in a few weeks, 
and onlj' one patient lived three and three-fourths yeare. Cohen and 
Colp^® collected all the reports of cases in which operation had beeen 
performed, to 1925, and showed the discouraging results to that time. 
Tliey reported a gross mortality of more than 40 per cent from all tj^ies 
of procedure in the fiftj’-nine cases reviewed. Fulde,^’ in the same year, 
reviewed fifty-two cases and reported a similar mortality. Hunt and 
Budd^® collected seventy -six eases of pei’iampullar carcinoma in 1935, in 
which resection had been done; fifty-nine of these were in Cohen and 
Colp ’s series and eighteen were added by Hunt and Budd. 

In 1935, Whipple, Parsons, and Mullins® gave great impetus to in- 
tere.st in the field by describing their two-stage operation and reporting 
three cases. This operation emliodied the principles of surgical treat- 
ment of carcinoma, in tliat the tumor ivas removed en bloc with its 
l.vmphatic drainage and contiguous structures. In the first stage of this 
operation (Fig. 3) posterior gastroenterostomy was done, the common 
bile duct was ligated and cut distal to the patent cystic duct, and chole- 
evstogastrostomy was performed to the anterior wall of the stomach. 
Three to four weeks later the second stage was performed. The pan- 
creaticoduodenal and gastTOduodcnal arteries were severed, wide excision 
of the descending portion of the duodenum and excision of a V-shaped 
poi-tion of the head of the pancreas were carried out, the pancreatic 
duct.s were ligated, and the denuded pancreatic surface was covered. 

Whipple, Paivsons, and Mullins"' did not attempt to re-establish the 
eontinuit.v of the duodenum or provide exit for external pancreatic 
secretions. The effect on the liver of such patients after partial pan- 
creatocloiny has been i)erfornied is unknown. It is well known that in 
the ]>re.sence of hyperinsulinism and adenomas of the pancreas, lar^e 
amounts of pancreatic tissue can he removed safel.v. Berg and Zucker’® 
dc.scrihed oai-ly degenerative ehaimes and infiltration of the liver with 
fat in eomplotoly dei)ancrcatized dogs and in those dogs in which the 
pancreatic ducts have been completely obstructed for long periods 
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agents are other conditions ivith wliic], perianipiillar carcinoma may be 
confused and which are not benefited by surgical treatment. If bene- 
fit IS to be derived from tlie characteristic small size of the lesion, its 

oiv grade of malignancy, and its reluctance to metastasize, early dia"'- 
nosis is essential. ‘ “ 




Fig. 2.— Operation performed by Codivilla in ISOS. 


TREATilIENT 

The treatment of this disease is surgical. TJie tumor may be excised 
by any of several methods to be described, or a iialliative short-eireiiit- 
ing of the biliary route maj- be perfoimied. 

Development and Deported Results of Surgical Procedures. — Halsted'^ 
first excised a growth situated at the papilla of Yater on Feb. 14, 1S.9S. 
This ivas performed transdiiodenalty and a large piece of duodenum ivas 
excised ivitli the growth. Choledoehodiiodenostomy was performed and 
three months later, ]Ma.y 5, 1S9S, it was necessary to perform cliole- 
cj'stodiiodenostomy. The patient lived for about seven months. W, J. 
jMayo“ performed cholee.i'stostomi^ on a patient Nov. 3, 1900, followed 
by excision of a tumor of the ampulla of Yater, Jan. 31, 1901. The pa- 
tient lived nine months. Several operations involving the pancreas 
and not the papilla of Yater preceded these two pioneering atfempfs. 
Of these reports, all of which were collected by Sauve'-’ tlint of 

0 livilla " in 1S9S, is particularly woi-thy to he recorded' (Fig. 2). The 

1 in his case involved the pancreas also, hut he excised cn hloc the 

i ’^*^of the pancreas, a large portion of the duodenum and pyloric end 
heaa 01 i vp established gastrointestinal continuity by means 

of the stomach, and re-tsi. 
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in the literature, to 1941, in rvhieli the Whipple operation was per- 
formed; five deaths (33.3 per cent) had occurred. One of the patients 
who survived the operation lived thirty-two months; the othere were not 
adequate^ followed. Hunt-' summarized the results of operation in 
124 cases from 1898 to 1941 inclusive. He found the surgical mortality 
rate as follows; 29.0 per cent in ninety-three eases of transduodenal 
excision; 40.0 per cent in five eases of retroduodenal excision; 45.4 per 
cent in eleven cases of resection of the duodenum with implantation of 
the common duct or common duet and pancreatic ducts and end-to-end 
anastomosis of the duodenum, and 26.6 per cent in the fifteen eases of 



Fie. 4. — Two-stage ojicration described by Whipple in 193S. 


resection of the duodenum and head of the pancreas. There were thirty- 
eight surgical deaths in the 124 cases considered in his review, a mortal- 
ity rate of 30.6 per cent. Hunt=' analyzed further tlie ninety-three cases 
m which transduodenal excision was performed. In the twenty-one 
cases in whicli transduodenal excision only was performed, eight deaths 
(38.0 per cent) occurred; in the thirty cases of transduodenal excision 
with reimplantation of the common duet, or common and iiancreatie 
duets, five deaths (16.6 per cent) occurred; in the twenty-seven cases 
m which transduodenal excision with reimplantation of the common 
or pancreatic duet with establishment of internal or external biliary 
drainage was performed, seven deaths (25.9 jier cent) occurred, and in 
the fifteen cases in which transduodenal e.xeision without reimplantation 
of the common or pancreatic duct but with establishment of internal or 
external biliary drainage was performed, seven deaths (46.6 per cent) 
occurred. ' 
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Dragsledt^" confirmed at least the efifect of pancreatectomy and pre- 
vented the hepatic damage by administi-ation of lipoeaic. Boyce and 
McFetridge,=i however, found that the external secretions can be ex- 
cluded completely vuthout permanent harm if no pancreatic tissue has 
been removed. If partial pancreatectomy was performed they found 
that lecithin, choline, or pancreatic substance would protect the liver 
from serious damage. Snell and Comfort" reported fatty infiltration of 
the liver in the presence of pancreatic lithiasis and Cole^^ suggested that 
such changes in the liver accompany fibrosis of the pancreas. 



The incidence of cholangitis and cholecystitis occasioned bj' the chole- 
cystogastrostomy was high after the operation devised by Whipple, 
Parsons, and Slullins.® Brunsehwig,^'* in 1937, fii'st used a looji of ,ie- 
junum to establish biliary continuity and pezfoimed cholecj-stojojunos- 
tomy and an end-to-side jejunojejimostomy in the first stage of this op- 
eration. Whipple,^ in 1938, described tlie modified operation now bear- 
ino- his name (Pig. 4) . This, too, was done in two stages. In the first 
stao'e the common duct again was ligated and severed below the patent 
cystic duct. The jejunum was severed, the distal end ivas used for an 
antecolic eholecystojejunostom 3 % and the proximal end was reimplanled 
after the Roux Y principle in an end-to-side jejiinojejunostom}' 10 to 12 
cm below the cholecyst ojcjunostomy. At the second stage, three to four 

1 intor nnsterior gastroenterostomy and radical I'eseclion of the 
weelvs laier, pusi^-i i i , r 

d portion of the duodenum, wide of the tumor, nnd removnl of a 

!ved-e-shaped piece of the head of the pancreas were done. 

recently reported 115 cases in which .some tyi)e of operation 
liatKa t-ventv-one of these some type of resection resulted in a 
was done. ^ j On--” collected the fifleoji ca.scs reported 

mortality rate of 4 <.b pel t • 
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Hunt’s collected series of 124 eases, they are listed in Table ITI to com- 
plete the record. 

Excision . — Three of these eight patients (Cases 1, 4, and 7, Tables II 
and III) underwent transdnodenal excision of the tnmor without 
disturbance of the continuity of the common duet and duodenum 
(Fig. 6a). The tumors in these three cases were small and well 
localized and distant metastatic growths were not demonstrable. One 
patient (Case 1, Table II) died of hepatic insuffieiencj' eight daj’s after 



operation. Internal biliaiy drainage ivas established in two of the three 
eases and no attempt was made to arrange a new permanent route for 
bile and pancreatic secretions in one ease because the common duct 
seemed to be patent. This patient (Case 4, Table II) lived thirty-five 
months and died of metastatic cai-cinoma. E.xcision of the tumor, how- 
ever, was preceded by choledochostomy by one month and choleeysto- 
ga.stro.slomy became neccssaiy nine months later. lie was then com- 
fortable for one and one-half years, at which time symptoms of obstruc- 
tion at the pylorus necessitated posterior gastroje.iunostomy. He lived 
eight months after this last operation. The third patient (Ca.se 7 
lable II) luul undergone cholccy.stogastrostomy, in June, 1939, else- 
where for an indeterminate type of obstruction of the common bile duet, 
l^ine montlis later transdnodenal exci.sion of adenocarcinoma grade 1 
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There is no more comprehensive review of tlie operative mortality, 
cause of death, and subsequent course than this most recent publication 
of Hunt’s. Orr’s=® discussion of this article is pertinent. He stated: 

Following palliative operation a patient with proven carcinoma of the 
ampulla has been kno^vn to live thirty-three months ; after transduodenal 
resection patients have lived four to twentj^-two years; and after re- 
section of the duodenum and pancreas one patient has lived thirty-four 
months, although the average length of life in each of these groups is 
much shorter.” Orr“® summarized the findings of various authors con- 
cerning the average time of survival of patients who had carcinoma of 
the amioullar region as follows; 7.3 months when no treatment was 
given (Outei’bridge) ; 7.7 months when palliative operation was em- 
ployed (Judd and Parker) ; eight months when treatment with radium 
and roentgen rays was given (Pack and IMcNeer) ; more than 1.7 jmars 
after radical operation according to Hunt’s data on the thirty patients 
in his series who had died, and more than 2.5 years after radical opera- 
tion according to Hunt’s data on thirt}’'-four patients who were living 
at the time of his report. In many of the cases in Hunt’s last group 
follow-up data were not recorded so the results may be even better. 
Hoivever, as noted by Orr and shoTOi in Hunt ’s sej’ies of cases collected 
from the literature, the less radical procedures of transduodenal ex- 
cision or resection have a lower mortality rate and a small number of 
patients have survived relatively long periods. 

Trimble and his associates® have recently described a one-stage op- 
eration for tumors in this region which it is suggested lias removed all 
of the objections to the operations previously described (Pig. 5). In 
this operation the ijjdoric end of the stomach, the first and second por- 
tions of the duodenum, the distal tliird of the common bile duct, and a 


wedge-shaped piece from the head of the pancreas are re.sccted en bloc. 
The duodenal stump is closed and the raw surfaces of the remaining 
pancreas carefully approximated. Gastrointestinal continuity is I’e- 
established by a complete antecolic isoperistaltic terminolateral gastro- 
jejunostomy. Distal to this anastomosis the .stump of tiie common bile 
duct is implanted into the jejunum. 

Transduodenal Excision or Eesection.—li the tumor is small and the 
tient is in poor condition, transduodenal excision or resection must 
cidPi-ed Bi"-ht such o])erations were performed at the lilayo 
rUnTc from 1908 to Nov., 19I1, inclusive (Tables I and 11). All were 
^ ^vmntoms of obsti'uefion to the common duet had been j)re.sent 

on men. . ^ one-half months prioi- to the fii’st operation, 

from three vee Jwforc the first opora- 

The correct mg mortality rale was 37.5 per eeiil. Although 

• tion was peifoimcc. reported previously and are a ja-uf of 

many ttee cases I"' 
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Types of OPEu.moN iVNo JIor.TALiTy 


TYPES or OPERATION 

xuarBER 

DEATHS 

PER CENT 

Itesection for tnvwr: 

Transduodenal approach 

Modified tVliipple two-stage operation 

s 

1 

3 

1 

37.5 

100.0 

Palliative operation: 

Origin of tumor proved by biopsy or necropsy 
Origin of tumor conclusive in opinion of sur- 
geon but not proved by biopsj- 

23 

20 

9 

1 

39.1 

5.1 

lixploratory only: 

Origin of tumor proved by biopsy or necropsy 

3 

3 

100.0 

Total 

55 




tube. Tlie patient died of peritonitis and iiemorrliage two da3's later. 
Another patient (Case 8, Table II) had had eholecA-steetomj' and chole- 
dochostomj’' in 1940. In six months, symptoms of obstruction of the com- 
mon duct appeared and in fifteen months choledochostomj^ revealed the 
presence of the tumor. Six weelcs later transdnodenal excision of the 
tumor with resection of the lower end of the common bile duct and the 
cuff of the duodenum Avas perfoi’med. Choledochoduodenostomj' was 
performed (Pig. 6b). The patient convalesced well and lived for twelve 
montlis after the tumor was excised. 

Two patients in this group were treated by a one-stage procedure 
without operative death. One of these (Case 3, Table II) had under- 
gone eholecj'steetomy two months previous to the onset of jaundice. 
•Secondary exploration revealed the tiunor and it ivas resected trans- 
duodenally with a part of the common duct and choledochoduodenostomy 
n-as carried out over a Mayo tube. The patient lived twenty-six months, 
dying of recurrence of the tumor. Tweiitj'-one months after resection 
of the tumor, exploration revealed the recurrence but no palliative op- 
eration could be carried out. The second patient (Case 5, Table II) 
lived nineteen months after transdnodenal resection of the lower end 
of the common duet and posterior wall of the duodenum. Thirteen 
mouths after operation or six months before his deatli, exploration be- 
cause of obstructive symptoms revealed tbe recuz’reut tumor from which 
he (lied. 

In the last of the five cases of transdnodenal resection (Case 6, Table 
11) a two-stage operative procedure was cmploj’ed. It rather resomhlcd 
a Whip])le operation e.xcept that it was not so extensive. At tlie lizne 
of cholecj'stogaslrostom.v, the tumor was noted; this operation was fol- 
lowed in five monOis by transdnodenal excision of the tumor, lower third 
of the common duct, a large portion of duodenal wall, and part of the 
head of the pancreas. The common duel was ligated pcrmancntl.v, jn- 
Icrnal Ifilinvy drainage being anticip.alcd through the eholec.vstogastros- 
fom.v. Jejuno.sfomj* rvas carried out. The patient died in two da.vs of 
peritonitis. 
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was done at the clinic and a new cholecystogastrostomy was made be- 
canse the first one had failed to function. The patient returned to the 
chnic Nov. 1, 1941, with mild symptoms of pyloric obstruction. Boent- 
genographic exammation showed slight obstruction of the second por- 
tion of the duodenum. Nov. 19, 1941, posterior gastroenterostomy was 
performed and exploration revealed obvious metastatic growth in the 
retroperitoneal nodes. Convalescence was satisfactory and the patient 
returned home. Death occurred two months later, two and one-half 
years after the first palliative procedure was done or nearly two years 
following excision of the tumor. 


Transplanted, 
common duct 



Sutmucous 

resection 


Fig*. 6. — Transduodenal excision of the carcinoma of papilla of Vater; a, without 
disturbance of the continuity of the common ducts and duodenum; b, with transplanta- 
tion of the common bile duct. 


Resection. — Transduodenal resection for a tumor of some portion of 
the common duct and duodenum ivas iierformcd in five cases and a modi- 
fied Whipple operation was performed in two stages in one case (Table 
III). The patient who had the IVliipple typo operation succumbed to 
peritonitis only eight da}-s after the second operation. Two of llic five 
transduodenal resections were carried out in multiple stages, -with one 
death In the case in which death occurred (Case 2, Table II), eliole- 
r tostomy was done at the time of e.xploration for obstruction of the 
^ on duct of unknown cause. TJic tumor was noted at tlial time. 
TiT™ months later transduodenal excision of the tumor togetJier witli 
f 1 inch (2.5 cm.) of common duct was carried out. Internal 
resection o instituted by choledochoduodenostomj- over a Na.vo 
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Table IIT 

Tkaksdrodexal Resection or Excision of Cakcinojia of Ampulla 





mortality ! 

LONGEST 

TYPES OF OPEEATrOX 

TOTAL 

SURVIVED , 

(PER 

SURMVAL 




CE.NT) 

(MO.)’- 

Excision only, reimplantation com- 
mon duct not necessary 

3 

2 

33.33 


AVith C'stabli.'sliment of internal 

2 

1 

50 

22 

biliary drainage 

AVitliout establishment of inter 
nal biliary .drainage 

1 

1 

0 

35 

E-vci.sion of tumor and resection of 

6 




A'arying amounts of common duet and 
duodenum 





AVith reimplantation of common 

' 2 

1 

50 

2 

duct (multiple stages) 

AATth reimplantation of common 
duct (one stage) 

2 1 

2 

0 

19 and 20 

Common duct seA-ered permanent 
ly and internal biliary drainage 

1 1 


100 


Jlodified AA’hipple operation, tAA'o 
stages 

1 

0 

100 



’From time of removal of tumor to Oeath. 


teen of those patients were men. From one M-eek to tliirty months had 
elapsed between the onset of symptoms of obstruction of the common 
duct and anj’ attempt at surgical treatment. Tliese patients waited an 
average of 6.5 months after symptoms appeared licfore exploration. This 
IS probably significant when compared ivitli tlie sliorter peiaod of five 
and one-half months in those cases in which some type of removal of the 
tumor was possilile. In most of these cases tlio patients were in .such 
poor condition that one-stage removal of the lesion could not be at- 
tempted. In a few cases the palliative operation was considered as the 
firet stage to subsequent removal of the tumor, but the patients did not 
return for the completion of the operation. In three eases there was 
evidence of metastatic growth at the time of the palliative operation, 
biine of the twenty-three patients died in the hospital after the opera- 
f'on, a mortality rate of 39.1 per cent. 

The tjqies and frequency of palliative operations are listed in Table 
IV. Cholecystogastrostomy was u.sed most frequently and was followed 
by a high mortality rate. These facts Averc emphasized by Judd and 
lloerncr’’ years ago. However, one patient lived forty-one months after 
palliative cholecystogastrostomy. Two had further operations, such as 
giislro.ie.iuno.stomy, to relieve symptoms of ob.struction at the outlet of 
the .stomach. As a groiqi, patients on whom cholecystogastroslomv was 
I'crlornied Avere in pooi-er condition than those on AA’liom choledoehostoiiiv 
or eholedoclioduodenostomy Avas indicated. Cholceystostomy aa-rs (ler- 
formed five times Avith no deaths, but as Avould be exjiected, some further 
more iiennanenl operation to relicA-e obstruction of the common duct Ava.s' 
lequired in all fn-e cases t'liolcdochoslnmy or cholecyslogastrosloniv 
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Table II 

TRAyrsDCOPKNAL Resection on Excisioa’ of the Tujron 


CASE 


DATE 


5/ 9/19 


12/29/21 


3/24/22 


TYPE OF OPEnATIOX 


Transduodenal excision, common duct 
not severed from duodenum; cliole- 
ej’stoduodenostomy 


Clioleev'stostoiny ; tumor noted 


PATHOLOGIC 
■ FIXDIKG 


Adenocarcino- 

ma 


DUKATIOX OF 
LIFE FROJI 
REMOVAL OF 

tumor* 


S days 


10/ S/24 


1/10/25 


9/20/20 


Transduodenal resection with 1 incli 
of common duct; choledoclioduod- 
enostomy over Slayo tube; cliole- 
cystostomy 


Cholecystectomy; tumor not noted 


Transduodenal resection of lower end 
of common duct; choledochoduoden- 
ostomy over a Mayo tube 


Adenocarcino- 

ma 


days 


Colloid 

ma 


26 mo. 


11/ 1/2S 


12/21/28 


Exploration 

cinoma 


for recurrence of car- 


Choledocliostomy; biops)' 


Transduodenal excision ; plastic 
common duet not necessary 


9/ 9/29 


4/27/31 


Cholecystogastrostomy 

carcinoma 


for recurring 


Carcinomatous 
polyp 


Posterior gastroenterostomy for re-) 
currenoe of carcinoma 


7/23/31 Transduodenal resection of lower end Adenocarcino- 
common duct and posterior wall of| ma, grade 2 
I duodenum ; choledochoduodenosto- 
my over catheter 


19 mo. 


8/30/32 


7/13/37 


2/10/38 


Exploration; recurrence of carcinoma ( 


Cholecystogastrostomy; tumor noted 


6/39 


3/10/40 


Transduodenal resection of lower end 
of common duct, wall of duodenum, 
and part pancreas; common duct 
tied off permanently; jejunostomy 


aSignet ring 
adenocarcino- 
ma, grade 2 


Cliolec 3 -stogastrostomy 

elsewhere 


pc 


•formed 


11/19/41 


6/24/40 


9/11/41 


10/22/41 


Transduodenal excision ; common 
duct not .severed. New cholccjsto- 

gastrosfom}’ 

Exploration and posterior ga.stroen- 
terostomj' for recurrence of car- 
cinoma 


2 days 


.Adenocarcino- 
ma, grade 1 


22 mo. 


Cholecj' stectonij-; cliolcdocliostoni.v 
Clioledocliostomy ; tumor noted 


Transduodenal resection for tumor, 
lower end of common duct; cholc- 
dochoduodenostomy 


Adenocarcino- 
ma, grade 1 


12 mo. 


•Death had occurred in all eases, 
■fin Hunt’s report. 


Palliative Operations.— 

f himor proved hy biopsy or necropsy: Jii twen/y-lJirce 
Presence oj ^ p„,,opsv revealed carcinomn of the mnpulhir region 
cases biopsy oi operation was performed (Table I). Nine- 

aiid some type of paumu 
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COMMENT 

Carcinoma of the papilla of Vater is not a rare disease, but early 
and correct clinical diagnosis of the presence of the lesion is unusual. 
Partly because of this but mostly because of the inaccessibility of the 
lesion, the usual poor condition of the patients, and the risk of radical 
surgical procedures, advance in the treatment of the disease has been 
diseouragingty slow. The tumor is usually small, grows slowh', metas- 
tasizes late, and even the discerning eye can seldom detect earlj-^ signs 
of its presence. Whether or not the prediction of the exact site of the 
lesion can be made accurately, obstruction to the common bile duct can 
be suspected early. Most obstructive symptoms attending carcinoma of 
the papilla will not j-ield to medical treatment, therefore, since correct 
preoperative diagnosis of ampullar lesions seems improbable, any patient 
who exhibits the signs and sjnnptoms of obstruction of the common duct 
should be given the benefit of exploratorj- operation if the disturbances 
do not subside after the use of conservative measures for six to eight 
weeks. In most instances complete and peimanent obstruction of the 
common bile duct does not occur as it frequently does in cases of car- 
cinoma of the head of the pancreas. In fact, the growth may attain con- 
siderable size before complete obstruction of the duct occurs. 

The technique of surgical treatment of lesions is rapidly being per- 
fected. It can be applied equally well to carcinoma of the head of the 
pancreas, the common bile duct, or both. Until recently the best treat- 
ment seemed to be palliative procedures aimed at relief of the obstruc- 
tion. Occasionally, transduodenal excision of the tumor or resection has 
been attempted, Imt the ranty of the attempt is attested by the fact that 
up to 1942 less tlian 125 eases have been reported in the literature. Ee- 
cently Whipple repaved interest by his two-stage operation and Trimble 
modified that procedure apparently with good results. Both of these 
procedures embody the principle of block resection for carcinoma. The 
gastrojejunostomy advised by both AVhipplc and Trimble fore.stalls the 
pyloric ohstruction whicli i.s likely to develop if the patient survives 
for a reasonable length of time. 

Although this study would indicate that at present simiilc palliative 
propcdurcs anticipating both pyloric and biliary obstruction will offer 
as many months of comfortable living as any of the more radical opera- 
tions, efforts to aceompli.sh a cure by the u.se of the Whipple technique 
or some modification as suggested by Trimble must be encouraged. 


UKFKniCNCKS 

1. tJpeott, IliiroW: Tuniors uf the Amimllu of Vater With Report of Two Cases 
^ Ajin. Sure. 56: 7in-72.'i, mi2. ‘ ’ 

.. JleNeal: Quoted liv Marshall, .1. M.: Ttiinors of the Hile Uuct.s. StirL’ flvni.n 
A- Ohsl. 64: (Me; licjo ’ 

■1. .Uidd, K. S., and Iloerner. M. T.: SHrpiral Treatment of Cnreinonm of the 
Head of the Panerea,'. and of the Ainpiiila of Vater, .\rch. .Siirp. 31- 
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Table IV' 


Palliative Operations : Presence op Tumor Proved by Biopsy or Necropsy 


TYPE OF operation 

NI7.M- 

BER 

OPERA- 

TIYE 

DEATHS 

MORTAL- 

ITY 

(per 

CENT) 

FURTHER 

OPERA- 

TION 

NECKS' 

SARY 

AVERAGE* 

LIFE 

(MO.) 

LONGEST 

LIFE 

(MO,) 

Choleoystogastrostomy 

s 

5 



17 

41 

Choledocliostomj’ 

5 

1 



10 

37t 

Cliolecystostoray 

5 

0 



0 

20 

Cholecystostomy and chole- 







dochostoray 

2 

1 

50.0 



20 

Choledochoduodenostomy 

2 

1 

50.0 

0 


11 

Cholecysto gastrostomy and 

1 

1 I 

100.0 




eholedoehostomy 







Total 

23 

9 

.39.1 

9 

13 

41 


•From time of first palliative operation to date of death (Januaiy, 1942). 
fPatient living at time of inauiiT- 


seemed to be the operation of choice if, for some reason, removal of the 
tumor was impossible. Fourteen patients sundved some form of palli- 
ative operation; all were traced and all but one had died at the time of 
the last inquity (January, 1942 ) ; this patient was living thirty -seven 
months after eholedoehostomy. The average length of life (Table IV) 
following palliative operation for this disease was twelve and one-half 
months in this group of eases. 

Presence of tumor not confirmed by biopsy: This group of twenty 
cases is included only for comparative purposes. No actual proof of 


the location of the lesion was obtained, but in eveiy instance the surgeon 
stated definitely that in his opinion the tumor was in the ampulla of 
Vater. A diagnosis of carcinoma of the papilla was not made pieop- 
eratively. Seventeen of the twenty patients were men. Only one died 
in the hospital immediately after operation (Table I). The other nine- 
teen were traced until Nov. 15, 1941, hut only two were living. -Cholo- 
evstogastrostomy was performed for fourteen of these patients and all 
survived the operation. Two were still living at tlie time of the last 
inouirv (Januaiy, 1942). The average postoperative duration ot life 
f the twelve patients who had undergone cholecyst ogastro.stomy and 
Bad died was fourteeen months. Cholecystostomy only was done in two 
.nl- one patient died in the hospital after operation and one lived 
„ months Cholecystoduodenoslomy was provided in two ensc.s, 
* Wockostomy in one « »n<I chol.cy.telomy co.nl.in..! ,rill, cl, ole- 

dochostomy in one ^ three cases exploration only was carried out 
ExploraUon common duct of unknown origin. Biopsy 

because of obstru j, roved the primary Ic.sion to lie in 

in one case and neciop patients siicctmihed within .seven 

the region of the ' 

days after the operatic . 












CHRONIC CONSTRICTIVE PERICARDITIS 


J. E. Strode, M.D., P.A.C.S., axd S. E. Doolittle, M.D., F.A.C.P. 
Hoxolulu, T. H. 

(From The Clinic, Honolulu) 

C hronic constrictive pericarditis, fortunately, is not a common 
disease. In the past, comparatively fciv surgeons have had the 
opportunity of operating' upon patients ivith such a condition. In an 
analysis of 150 eases in vhieh snrgeiy was done, cited by Heuer and 
Stewart,^ there were 49 operator.s, 27 of whom had operated upon only 
a single patient, 7 on two patients. 6 on three patients, and only 8 
surgeons had operated upon five or more. Blalock and Burwell,- and 
Harrison and White, ^ to date have observed the largest number of 
eases in the United States, and also the greatest number brought to 
surgery — the former 28, with 20 patients sub.iected to surgery, and the 
latter 37, with 28 operated upon. Perusal of curi’ent literature dealing 
with this sub.iect shows that onl.r in a few of the larger medical centers 
has this condition received much attention. However, with increased 
interest in chest surgery in general and with a more widespread fa- 
miliaritj" with the clinical picture of consti'ictive pericarditis, such 
eases are being i-ecognized and brought to surgery, and in man}' cases 
most gratifying results have been obtained. 

Every community has its (luota of individuals suffering from this 
condition ; individuals who are chronic invalids and who could be re- 
turned to a useful occupation and state of happiness if given a correct 
diagnosis and proper surgical intervention. It is with the idea of 
stimulating increased interest in this sub.jcet, particularly in localities 
apart from the larger medical centers, that this discussion is presented. 

Chronic constrictive pericarditis is a condition brought about by an 
inflammatory lesion of the pericardium. It results in thickening and 
shrinking of the cardiac envelope, ii.sually in a.ssoeiation with a similar 
lesion in the epicardium, tii the point where cardiac function is seri- 
ously interfered with. While there may be .some interference with 
systole, due to nii-oeardial involvement and adhesions, the primarv 
d.v.sfinietion re.sults from the inability of the heart to dilate adecpiatclv 
during diastole. This results in the heart being unable to receive 
eiumgli blood to maintain an ade<iuate arterial circulation. 

Heuer and Stewart found in their grouji of ]iatients that the arterio- 
'enouN o.xygen difference was increased, the venous ])re.s.sure was ele- 
^ated. and the cireidation time prolonged, while the cardiac output per 

Hi'riivi'il for publication. 1.1. 1!>I1. 

SIT 



846 


SURGERY 


4. Codivilla: Quoted by Sauve, L.is 

5. Whipple, A. 0., Parsons, W. B., and iMlins, C. E.: Treatment of Carcinoma 

of the Ampulla of Vater, Ann. Surg. 102: 763-779, 1935. 

6. Tiimble, I. E.j Parsons, J. AV,, and Sherman, C. P.: One Stage Operation for 

Cure of Carcinoma of Ampulla of Vater and of Head of Pancreas, Surg., 

Gj-nec. & Obst. 73: 711-722, 1941. 

(. Whipple, A. O. : Surgical Treatment of Carcinoma of the Ampullarv Eegion 
and Hoad of the Pancreas, Am. J. Surg. 40: 260-263, 193S. 

S. Outerbridge, G. W.: Carcinoma of the Papilla of Vater, Ann. Surg. 57: 402- 
426, 1913. 

9. Rolle.ston, Humphry, and McNee, J. AV.; Dise.a^o.s of the Liver, Gall Bladder 
and Bile Ducts, Ed. 3, London, 1929, hlaemillan & Co., Ltd., pp. 73S-75S. 

10. Baggenstoss, A. H. : Major Duodenal Papilla: Variations of Pathologic In- 

terest and Lesions of the Mucosa, Arch. Path. 26: 853-S6S, 1938. 

11. Cooper, W. A.: Carcinoma of the Ampulla of Vater, Ann. Surg. 106: 1009- 

1034, 1937. 

12. Sharpe, AV. S., and Comfort, M. AAL: Carcinoma of the Papilla of A''ater; Clin- 

ical Features in 40 Cases, Am. J. M. Sc. 202: 238-245, 1941. 

13. Halsted, AV. S.: Contributions to the Surgery of the Bile Passages, espociall}’ 

of the Common Bile Duct, Bull. Johns Hopldns Hosp. 11: 1-11, 1900. 

14. Mayo, W. J.: Malignant Disease Involving the Gall Bladder. In: A collec- 

tion of papers published previous to 1909, vol. 1, Philadelphia, 1912, W. B. 
Saunders Companj-, pp. 384-891. 

15. Sauvd, L.: Physiologic due pancreas. Arch. gen. de med. pp. 25-44, 1908. 

16. Cohen, Ira, and Colp, Ralph: Cancer of the Periampullary Eegion of the 

Duodenum, Surg., Gyuec. & Obst. 45: 332-346, 1927. 

17. Fulde, Ewald: Die bekannt gervorden Ergebnisso der Eadikaloperationen der 

Gallengangskrebse, Zentralbl. f. Chir. 54: 1481-1487, 1927. 

IS. Hunt, AL C., and Budd, J. W.: Transduodenal Resection of the Ampulla of 
A^'ater for Carcinoma of the Distal End of the Common Duct, Surg., Gynoo. 

& Obst. 61: 651-661, 1935. 

19. Berg, B. N., and Zucker, T. F.: Liver Changes After Deprivation of External 

Pancreatic Secretion, Proc. Soc. Exper. Biol. & Med. 29: 68-70, 1031. 

20. Dragstedt, L. E.: The Present Status of Lipocaic, J. A. M. A. 114: 29-32, 

1940. 


21 . 

22 . 

23. 

24. 

25. 

26. 

27. 

28. 


Boyce, F. F., and McFetridge, E. M.: An Experimental Studj' of Operations 
AA'^hich Involve Exclusion of the Pancreatic Secretion From the Inte.stinal 
Tract With Special Reference to the Possible Effects on Protein and Fat 
Digestion and on the Metabolism of the Liver Cell, Sukoerv 4 : 51-63, 1938. 

Snell, A. M., and Comfort, M. W.: Hepatic Lesions Presumably Secondary 
to Pancreatic Lithinsis and Atrophv; Report of Tvo Cases, Am. J. Digest. 
Dis. 4: 215-218, 1937. 

Cole, AA^. H.; The Clinical Eelatioiiship of Pancreatic Disease to Fatty In- 
filtration of the Liver, Si’Kgery 8: 716-718, 1940. 

Brunschwig, Alexander: Resection of Hoad of Pancreas and Duodenum for 
Carcinoma-Pancreatoduodenectomy, Surg., Gynec. & Obst. 65: 681-684, 

1937. 

Kafka Wenzel: Ein Beitrag zu den Radikaloperationen dcs Pnpilicnkrebses, 
Beitr. z. klin. Chir. 170: 547-559, 1939. 

Orr T G • Resection of Duodenum and Head of Pancreas for Carcinoma of 
Impulla, Surg., Gynec. & Obst. 73: 240-243, 1941. 

Hunt A'' c ■ Surmcal Management of Carcinoma of the Anipaila of Abater 
and of tiio Periampullary Portion of the Duodenum, Ann. .Smg. 114: .170 

Orf.°T. af Discussion, Ann. Surg. 114: 601-602. 1941. 



STRODE AND DOOLITTLE: CONSTRICTIVE PERICARDITIS 


849 


Briefly then, the two changes in the djmamics of the circulation that 
are productive of symptoms and clinical findings are, first, the dimin- 
ished ability of the heart to pump blood per beat and per minute and 
its inability to increase the output due to its inability to dilate, and, 
second, the increase in systemic venous pressure. 

The name “Pick’s disease” is commonly used to designate the con- 
dition of constrictive pericarditis, although 'White,* in a masterly dis- 
cussion of this subject, points out that this condition was recognized 
long before Pick’s time and that Galen, about a.d. 1600, described 
pericardial effusion in a monkey and scirrhous thickening in a cock, 
and surmised such an occurrence in man. White further states that 
Lower, in 1669, discussed this subject and should receive credit for 
the first satisfactory account of pericardial disease in man and the 
initiation of interest in the condition of acute and chronic constrictive 
pericarditis. Others contributing to the knowledge of the disease were 
Laneisi in 1728, Morgagni in 1761, and Laennee in 1818. At the end 
of the nineteenth century, namelj" in 1896, Pick emphasized the com- 
mon finding of liver involvement and preponderant ascites, and so the 
disease has frequently been called by his name. 

In the surgical consideration of this condition the names of Brauer, 
Delorme, Rehu, Sauerbrueh, and Schuieiden, and in the United States 
Churchill, Heuer, Beck, Blalock, Cole, Bigger and others, have been 
Ultimately associated with the adA'aneement of this means of therapy. 
Brauer, in 1898, advocated the resection of the chest wall over the 
Tegion of the pericardium (the so-called operation of cardiol 3 'sis), and 
this operation ivas performed for him by Peterson, in 1902. The opera- 
tion, naturally, has limited value and can be e.vpected to be beneficial 
onlj’- iji eases of attachment of the heart to the overlying chest wall. 
The modern operative procedure of pericardiectomj'- dates back to 
1913 when both Rehii and Sauerbrueh reported resection of the peri- 
cardium, although Delorme as earlj' as 1895 had recommended this 
procedure. Churchill, in 1928, performed the first successful operation 
in America for the cure of this condition and .since then a number of 
snccc.ssful results have been reported from I’arious clinics. 

CTIOLOGY 

The etiologie factor in the cau.satioii of constrictive pericarditis is 
variable, and even the commonest cause is not agreed upon. In Blalock 
and Burwcll’s series of cases the etiologie agent ivas e.stablished in 21 
b.v aspiration, operation, or autopsy: 18 were found to be due to tuber- 
culosis and 3 to Staphulacocnis aureux. Sucli a preponderance of tu- 
berculosis as an etiologie agent is not confirmed by other reports in 
the literature. Smith and Willius,® of the Mayo Clinic, found at 
autopsy 144 eases of cliroiiic adherent pericarditis among 37,3 eases of 
pericardial disease; in 21.5 per cent the etiology was thought to be 
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minute, the stroke volume, and the cardiac index (cardiac output m 
liters per square meter of body surface per minute) vas diminished. 

As the inability of the heart to dilate increases Avith increasing con- 
striction of the pericardium, or from actual constriction of the large 
veins at their passage through the pericardium, blood piles up in the 
vena cava causing increase in venous pressure vhich is normally nega- 
tive in this location. Since most s.ystemic veins have valves, the mus- 
cular action of the extremities assists in keeping the blood floAving 



Fig. 1.— The normal righ^ven tGclo 6? .antcrioi Vle-icciullim' 
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Piling of the pericardium. Xo evidence of valvular heart disease can 
be made out, although auricular fibrillation may be observed. The 
arterial pressure is lorn and the pulse pressure is small. Paradoxical 
pulse (a pulse that is thready in volume on inspiration) is commonly 
present. The normal circulation time is 15 to 20 seconds, and in the 
eases of constrictive pericarditis rvhere this feature has been studied 
it has been found to vary between 30 and 60 seconds. Fluoroscopy 
yields additional valuable information. It confirms the physical find- 
ing of a small or moderately enlarged heart. Small or absent ven- 
tricular pulsation is usually noted. The presence of areas of calcifi- 
cation of the pericardium ma.y be made out. The heart is usuallj' 
“frozen” to its position and does not change with change in position 
of the patient. Roentgenographic stiulies in multiple positions will 
confirm the fluoroscopic findings and will demonstrate calcium deposits 
if thej' are present. Varying degrees of calcification of the pericar- 
dium have been noted in from 20 to 40 per cent of the eases studied. 
In 37 eases reported bj' Harrison and White the heart was found to 
be of normal size in IS instances and moderately enlarged in 19. Roent- 
gen kjunography may add important information in the doubtful case 
of constrictive pericarditis. 

Rigler, Wangensteen, and Friedell" have this to say about kymog- 
raphy in this disease; “Roentgenologic findings are of paramount 
importance, since the 5 ^ provide direct evidence of the cardiac impair- 
ment caused b.v pericardial scarring. Of the specific, roentgenologic 
methods, roentgen kjanography is probably of greatest merit since it 
deals directly with important changes in the physiology and djmamics 
of heart action. It is, therefore, admirably adapted to the study of 
cardiac impairment in constrictive pericarditis and it is possible that 
tins roentgenologic procedure may become the most important single 
method in the diagnosis of this disease. In a general way it may be 
considered as a permanent I'ecord of that which may be obseiwed 
on the fluoroscopic screen which is not only helpful in the diagnosis 
and progrc.ss of the disease but in estimating improvement following 
surgery.” 

Tile cleetroeardiographie changes associated with pericarditis have 
been di.seussed in some detail by Noth and Barnes.® The electrocardio- 
graphic pattern in constrictive pericarditis is fairly constant. T 5 Tii- 
eally it show.s low voltage of the (JRf> comple.xes in the three standard 
leads, and low voltage T waves, isoelectric or inverted in various leads 

ihffircnimJ ilmr/im.v/.s’.— ('ole and his coauthors" state that constric- 
livc pericarditis is most often mi.staken for congestive heart failure 
•I.vsimca is common to both comlition.s, but tliey point out that it is 
not relieved by rest and recumlient posture so much in heart failure 
as in jieriearditi.s. A.scites tlevclop.s early in constrictive pericarditis 
usually ])reeeding edema of the feet. This scfiuence is usually reversed 
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due to rheumatic fever, in 17.4 per cent to pulmonaiy and pleural dis- 
ease, 6.2 per cent to cardiac infarction, and 2.S per cent to tuberculosis. 

Li 1934, Rothstein® collected all instances of adhesive pericarditis in, 
children under 15 years, of age who had been treated by operation. 
The number of cases was 34. Sixteen were thought to be due to rheu- 
matic fever, 9 to tuberculosis, and 2 to pyogenic organisms. In Heuer 
and Stewart s i jiatients in whom surgerj' ivas done, only one ease ivas 
proved to be due to tuberculosis. 

White states that if rheumatism can cause Pick’s disease it does so 
in only the rarest cases in contrast to the usually accepted origin. 
None of the 16 patients under observation at the Massachusetts Gen- 
eral Hospital gave a history of rheumatism. He also refers to 1.000 
children followed over a period of ten years at the House of the Good 
Samaritan in Boston. Not one dei’cloped constrictive pericarditis al- 
though in many, acute episodes of acute rheumatic pericarditis were 
noted. In a series of 37 eases studied by Harrison and White, the efio- 
logic factor was found to be tuberculosis in 5, pneumonia in 2, sepsis in 
1, and the etiology was unlcnown or questionable in 29. 

The cause of the pericarditis in the two eases which we are present- 
ing was not definitely established since no oi-ganisms were isolated 
from the .Gssue removed at operation and no diagnostic microscopic 
picture was present. Sepsis was suspected in one case, although tuber- 
culosis could not be ruled out, and the other case may have resulted 
from a pneumococcus infection, although this is problematic. 


CLIXIC.ir. FIXDIXGS 


The sjuniJtoms and clinical findings in chronic constrictive pericarditis 
are fairly constant and lend themselves to differentiation from other 
conditions with which at times thej^maj’ be confused. Bcailng in mind 
the pathologic physiology of the circulation pi'cvion.sly discussed, it is 
not difficult in most instances to interpret the clinical picture. 


These individuals usually present well-marked evidence of circula- 
tory embarrassment. Outstanding sym]ffoms are generalized weaknc.ss, 
lessened work capacity, dyspnea on exertion (usually fairly promptly 
relieved by re.st), congestion, discomfort about the face and neck, and 
swelling of the abdomen. Signs commonly present are venous eon- 
o-estions, as showii by distended arm, leg, and especially the neck veins. 
Cyanosis of varying degree is eonunonly noted, the liver is usually 
' lai-n-ed at times markedly so, and varying degrees of ascites is usu- 
Tl 'r '"■esent Edema of the lower extremities and pleural effusion ai'c 
. ^Lmonlv found and splenomegaly is rarely associated. Venous 
^ tc constantly elevated. Readings of 20 to .‘iO cm. of ^vater, 
pressure times the Jiornial. arc usually found. 'Ibis occurs 

whiph IS about imci. failure 

without evidence of j.evcals a small, or at most a moderately en- 
^ Physical £1,^ apparent enlargement may he due la thieh- 
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Prognosis . — is the outlook for the individual udth constrictive 
pericarditis with and without surgery? The consensus of all observers 
who have expressed themselves on this subject is that constrictive 
pericarditis is a progressive!}^ crippling disease. There is no medical 
cure, although by rest, diuretics, and removal of accumulated fluid in 
the abdomen or pleura, the individual may be temporarily improved. 
The disease tends to be chronic and is expected to last over a period 
of several to many years, although it has been knoivn to kill the patient 
in months rather than years. Spontaneous apparent recoveries or 
periods of improvement may be explained by an acute phase subsiding 
by the absorption of pericardial fluid. 

What does surgery have to offer? In Churchill’s series of cases 6 
patients were cured, 3 improved, 1 died on the fifth postoperative day, 
and 2 in which active tuberculosis was encountered died soon after 
operation. In a follow-up study of 37 cases by Harrison and White 
from the Massachusetts General Ho.spital, including those cited bj" 
Churchill, it is reported that 28 of the patients were operated upon. 
Of these, 14 were clinically cured, 3 were greatly improved, 5 died due 
to complications from the operation, 2 died primarily of the disease 
itself, and 4 died at varying timc.s, postoperatively, of other compli- 
cations. Nine of the patients were not operated upon. In 3 the con- 
dition was too mild, 3 were too sick, 1 died of miliary tuberculosis, 1 
died before operation came into vogue, and 1 case was lost sight of. 
Of Sehmeiden’s 6 patients reported cured, 4 are well after 10, 12, 17. 
and 18 years. Heuer and Stewart reported 7 oases, with no deaths, 
3 patients cured, 3 markedly improved, and 1 too early to determine 
the outcome. They umre able to collect from the literature 143 eases 
in which the patients had been operated upon and 135 of these had 
been followed. Fifty or 37 per cent were cured, 31 or 23 per cent 
had been improved, 54 or 40 per cent died dining or soon after oper- 
ation. They comment. “At first glance this record of surgical results 
may not appear to be impressive, but in judging the results it should 
be appreciated that the disease is incapacitating and invariably fatal, 
and to have improved or cured 60 per cent of cases subjected to sur- 
gery is after all a real achievement.” 

kiglcr and his co-workers say, “In this condition we have one of the 
few cardiac lesions for which there is at hand a specific therapeutic 
procedure, which in many cases without great risk, results in the 
transformation of a completely disabled individual into one who is, 
if not cured, at least competent to perform his daily tasks. In scareclv 
any phn.se of the brilliant accomplishments of thoracic surgery durin'"- 
the past decade arc the re.sults more dramatic or gratifying.” 

OPKR.mOK 

It is generally agreed that perieavdiectomy should not be done dur- 
ing the active stage of the pericarditis. This seems to be partieularlv 
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in congestive heart failure. The heart is small, or at most moderately 
enlarged, in constrictive pericarditis and usually is markedly enlarged 
in congestive heart failure. In faihu’e of the heart, x-ray studies shov' 
congestion of the lung fields, while in constrictive pericarditis this is 
not found because the blood does not pile up in the auricles due to 
theii inability to dilate. Murmurs or other evidence of underlying 
primary endocardial or myocardial disease are usually found in heart 
failure. 

The individual witli constrictive pei’icarditis usually has a history 
of long duration, and a similar amount of peripheral congestion, when 
due to congestive heart failure, takes place in a period of shorter 
duration in a much sicker patient. White lists, in the order of theii- 
importance, the things that are likely to cause confusion in the diag- 
nosis of consti-ictive pericarditis. 

1. Mitral stenosis 

2. Polyserositis 

3. Cirrhosis of the liver 

4. Nutritional or other edema 

5. Mediastinal tumors 

6. Tricuspid valvular disease 


He further states that mitral stenosis is accompanied by a character- 
istic diastolic mrrrmur at the cardiac apex in the absence of severe 
active rheumatic infection, and that the presence of mitral stenosis 
may be taken at once as ruling out chronic constrictive pericarditis 
of any serious grade. 

The finding of characteristic murmur, liver and venous pulsation, 
and change in heart contours is also important in the diagnosis of 
tricuspid heart disease. 

In cirrhosis of the liver with ascites this organ is generally small, 
the individuals are usually in a later age group, and the characteristic 
findings of paradoxical pulse with low pulse pressure, distended .iug- 
iilar veins, and increase in venous pressure are alisent. 

Tuberculous peritonitis may have to be ruled out, although the 
characteristic findings of constrictive pericarditis are not present and 
the fluid examination shows it to be an exudate rather than a transu- 
date Evidence of pulmonary tuberculosis may he found in cither 


condition. _ , . , 

tritional or other forms of edema are not usually associated with 
i ^ ^ e of increased venous pres.surc. A therapeulie test with newer 
evidence 0 vitamin and plasma protein therapy is quickly 

fnT‘mS Ol 

iMive in eliminating these as caiisg.s. 

* ^ ■ 1 timers are readiJv differentiated by thorough roenl- 

Mediastinal tumors 

geno graphic study. 
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nal mammary vessels are ligated at the upper and lower ends of the 
exposure. Approximately one-half of the sternum is usually resected, 
although Heuer finds this unnecessarj-. (See Fig. 3.) The edge of the 
pleura can now be identified and wiped back, frequently resulting in an 
opening being made through this structure. This is of little consequence 
and the opening may be sutured or covered over with a moist pad. In 
fact, some observers advise leaving an opening into the pleura in non- 
infected cases to allow greater diffusion of any postoperative pericardial 
fluid. The stage has now been set for an attack on the pericardium. This 
may be an exceedingly simple procedure if the pericardium is calcified 
and not attached to the epicardium or it may be a veiy difficult, tedious, 
and dangerous task if the pericardium is densely adherent to the epi- 
cardium and the lines of cleavage difficult or impossible to identify. 
Each classification is repicsented by the two cases we are lepoiting. 



t’erlnin piineiplcs iroi crniiig the remmal of the con.sf rictiiig eap>,ulo 
nf tlio liearl seem fairl\ nnuei-sally airived upon b'ii-st. fliat o.vtreme 
care .should he used to iire\enl injury to liie anterior de'-eendimr braneli 
of tlie left coronary artery l\iug in llie gioove Iietween the right and left 
ventricles. Sceoiul. tliat the left \eutriele should be uncovcied fii-st 
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true when the process is a tuberculous one. Pericarditis of uoiirJieu- 
matic origin should be watched carefully for the onset of constrictive 
signs, as numerous eases have been cited where this sequence of events 
has been observed. Such individuals should not be subjected to sur- 
geiy until the acute phase has had opportunity to subside; some sug- 
gest a period of six months to cool off, although each case should be 
individualized, and should not be neglected since the disease is usually 
progressive. With lajise of time the myocardium becomes weakened 
and the teehiiique of the operation becomes more difficult. 

Preoperative Preparation. — These individuals should have the abnor- 
mal accumulation of fluid in the tissues and serous cavities reduced to a 
minimum. Fluid in the pleural and abdominal cavities shoiild be 
aspirated and that in the tissues reduced by diuretics and by limitation 
of fluid and salt intake. Mereupurin, 2 c.c. intravenously, eveiy third 
day, limitation of fluids to 1200 or 1500 c.c. daily, and salt to 2 Gm. daily 
has been found of value. Intravenous fluids of all kinds such as saline, 
plasma, and blood are thought to be contraindicated preoperatively be- 
cause of the edema and i)ostoperativel 3 ' to prevent undue strain on the 
decorticated mj'ocardium. If the need postoperative!}" is great, small 
amounts of the fluids given slowly may be advisable. The use of 
digitalis, except in cases with auricular fibrillation, is usually contra- 
indicated. 

OPER.ITIVE TECHXnjUE 


Position . — Most observej's advise tJiat the head of the operating fable 
be elevated. This seems logical to help prevoit venous engorgement. 
Churchill and others operate with the patient in a dental chair. 

Anesthesia. — General apeslhesia with differential pressure has dis- 
tinct advantages because the pleura may be entered and positive pres- 
sure will prevent complete collapse of the lung and possible mediastinal 
shift. Nitrous oxide-oxygen ether mixture, ethylene, and cyclopropane 
have their advocates. Tiie latter, in our e.xperienee with all f.vjies of 
chest surgei'}', has been most satisfactory. Ijitratraclieal anesthosia is 
advised by many, although equally satisfactory results are obtained by 


a well-fitting mask and a closed system. 

Incision.— -The incision giving the best approach is a curved one, he- 
<rinning in the region of the left second rib, carried down midsternally, 
■md curved to the left over the sixth costal cartilage. (See Figs. 1 ami 
9 ) The attachments of the pectoralis major nui.scle aie separated from 
"l d'"e of tlie sternum and costal cartilages. The third, fourth, fifth, 

^ 'V’xth costal cartilages and ])ovlions of the attached ribs are rc.seeled. 
and SIX include the perichondrium if not the periosteum in 

It seems a j.pgcncrafion of the cartilage and thus allow suhse- 

order to pie cardiac movement. The flap consisting of 

queiitly gree ^ nnisclc, and intercostal nuiscle and vc.ssels is turned 
skin, pectoi'e*'® j^^.cessary to give adequate exiiosurc. The inter- 
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Postoperativelif . — These patients are usually benefited by inhalations 
of ox}'gen — bj’^ tent, mask, or catheter — bj- the use of morphine and 
sedatives, and by methods that were of value preoperatively, such as 
limitation of fluids and salt, and by aspiration of fluid from serous 
canties. 

CASE REPORTS 

Case 1 (Queen's Hospital ICo. 153S11), — Caucasian man, aged 41 lears, was 
admitted ITarch 31, 1942, and discharged April 16, 1942. About one and one-half 
years before admission to the hospital he began noticing a sense of fullness and 
flusliing of the face, neck, and head, especially after eating, leaning over, or when 
lifting up objects. He developed shortness of breath nhen running upstairs and 
indulging in other exercises, but this had never been marked. He perspired more 
than he did formerlj- and had noticed swelling of the ankles, especially the right 



Els. 3 (Case 1 ), — Exposure of pericardium showlnir case of removal of calcified peri- 
cardium ulien unattached to llie cpicarditim. 

hne, for the past four months The left one uas snollen also, but not as much as the 
fght. There had been increasing leg tarioositics for a longer period. Past bisforv 
was C'.sentially negatiio except for an illness of .serious consequence in 1037. He 
"as told, in thiit ho should giie up ■mimming because he had some trouble with 

lus heart. Ho did not, houcior. cut down on phyMC.al activity and .suffered no ap- 
parent ill effects. In .Tanunry, 1!>.37, a coral cut on the riglit foot hocamc infected 
and Ijmpliangitis and inguinal adeniti- quickly developed with associated fever and 
malaise. Soon after tins he dot eloped what appears to Imio been a mota'tatic in- 
feciiou,. arthritis inioliiiig the right nrist and phalangeal joint of the middle finger 
of the left hand. Tlicro lia« been permanent deformity of tlicsc joints .since. The 
patient reincml)er.s that he had to sit up for a few nights during the illness because 
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Its musculature is thick and there is less likelihood of entering the cavity 
of the heart than elsewhere. Also, if the riglit ventricle is freed first, 
more blood will be permitted to enter the lung and this, coupled with 
lack of support to the heart muscle, may allow the ventricle to dilate, 
resulting in acute pulmonaiy edema and cardiac failure. It should be 
remembered that the greater part of the heart presenting antex’iorlj' is 
the right ventricle and that the left ventricle lies well to the left and 
behind. (See Fig. 4.) Third, it is a dangerous procedure and in most 
instances it is unnecessary to attempt to free the auricles and the great 
vessels to and from the heart. Their walls are thin and easily penetrated. 
Fourth, it is necessaiy to remove not onlj' the pericardium but usually 
also the epicardium to free the heart. Frequently no line of cleavage 
exists between these two structures. Fifth, when removing the constrict- 
ing fibrous tissue it is well, as first pointed out by Bigger,’" to leave one 
side attached during the dissection so it can be used as a flap to cover 
over the area in ease the heart cavity is aeeidentall.v penetrated. 

The extent to which decortication should be carried out is undecided 
and each case presents its oxvn individual problem. It seems desirable to 
free as much of both right and left ventricles as can be done with safety, 
and partieularlj^ to free the apex of the heart, which is usually adherent 
to the diaphragm. It is advisable to give the heart periods of rest during 
the operation. Frequently the action of the heart becomes irregular and 
rest of a minute or two ivill allow it to resume its noinml pace. If the 
patient is in poor physical condition, and frequently such patients are, 
especially if the nature of their illness has been long uJU'ecognized, and 
the dissection is time-consuming, it may be advisable to do the operation 
in stages as was necessaiy in one of our cases. It may even bo advisable, 
at a subsequent time, to decorticate the right side of the heart through 
an incision to the right of the sternum similar to the one previously de- 


scribed on the left side. 

Little suture material is needed in this operation except for control 
of hemorrhage in the flap and during the closure. In one of our casc.s 


we used silk and in the other cotton. In both instances tlie operative 
field was lightly dusted with sulfanilamide powder. AVhether or not thi.s 
is adrisable is questionable since the use of this powder in operative 
wounds elsewhere undoubtedly inereases the amount of serum. 

Cole advises draining the pericardial area by u.sc of a small rubber 
d ain in the upper or lower end of the incision. Postoperative aspira- 
• -f necessaiy, would seem advisable rather than drainage as a pro- 
less likely to result in infection. One of our patients wa.s 
cedure neither was drained. It apparently is 

aspiratea, npr-nn-eucc for cardiac embarrassment to result from 
an nericardicetomy beeau.se the fluid is no longer encased 

tamponade al l diffuse into the tissues of the clie.st wall and 

in a nonelastic sac om 

Simlly into the mediastinum. 
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Electrocardiogram showed small QRS complex ia tliiee standard leads. T waves were 
of low amplitude throughout, being flat in the fiist lead and inierted in. Leads II and 
in. Urine was negatiie, led cell count 3.95 million, white cell count S,S00, poly- 
morphonuclears 49 pei cent, small Ijmphoeytes 40 per cent, monocytes S per cent, 
eosinophiles 3 per cent. Icterus index was 23, van den Bergh delayed direct reaction 
IG.O mg. per 1000 c.c. of serum, IVcltniann coagulation test, coagulation 1, C tubes 
normal. Sedimentation late was 3,3 pei cent: plasma protein 4.55 Gm. per 100 c.c. 
of blood; direct lenous pie^suro on March 11, 1942, right aim 20 cm., left arm 22 
tni., right leg 18 cm, left leg 23 cm. On Apii! 1, 1942, 1200 c.c. of straw colored 
fluid was aspirated from the abdomen. Cultuic was steiile. On April 2. 1942, the 
patient was given 500 c.c. of plasma with 100 cc, saline solution. 





•> — Autopsj snecmisn showiiip leaction about heait foUowmB pericarditis 
sumpiicatmg influenza It is c isi to sec lio.i sucli a leaction iniaht be followed bv 
coimtrictue pericaiditis. 

Operation. — Operation was done .\pnl 3, 1942, with cyclopropane anesthesia, 
ditrerentiul pressure. Tlie liead of the table was raised to an angle of .30 degrees. 
An incision o\er tlie front ot tlie (host was nmde as sliown in I'lg, 2. The attacli- 
nienls of the pectoralis ma,ior muscle were freed and letleetcd. The third fourth, 
hflii, and siMi, costal cartil.iges uitli tlie periehondrium were remoicd. and portions 
of Ihc fourth and fiftli ribs nine resected tubperiostealh . The left pleura was care 
fully wiped back to the region of the left phrenic none. The mammary lesscls were 
'•gated and dmded at tlie upper and lower margins of the exposure. This gave an 
I'Vu'llent Mew of the calcifieil [tern artinini. It gate the appearance of a large china 
egg deposited behind the steniimi. Xo cardiac pulsation was iisihle and as far ns 
could be determined tin entire peric.irdium li.id become calcified except the outer 
hiycr which was quite Ihiii Imt tough .and fibrous. The underhiug calcium was 
casiK broken through .and loiisistcd of two lery thm laior'. In no place was it 
attached to the epuardiiim It shelled off with almost ns iinich ease as one might 
‘'xpericme m peeling an onion. The imderixmg heart looked normal and protruded 
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of suffocation on lying down. The entire episode lasted about four months. TJierc 
was a positive family histoiy of tubeiculosis. One brother was treated in a sana- 
torium after he reached adult life. Contact with this brother was infrequent. 

For the past six months the patient had noticed some distention of the abdomen. 
His weight had increased ten pounds but his friends remarked that Ids face nas thin. 
Tliere was slight distress in the cardiac area hut lie had never had pain of any 
severity. The last four or five j’ears wlien his bed came up close to tlie nail he 
noticed that it bumped against the wall nith each heart beat, making him tiunk 
that he must liave very strong cardiac pulsations. For the past few montiis he had 
been extremely tired and had not been able to do his daily tasks. Ho found that he 
rode nhere he formerly nalked. He also complained of loss of sexual desire. 



■c'lcr d rOa'se *’) — Pericardium and epreardrum denselj united to one anotlicr nnKlnjr 
Fig. 4 (Case -I- ^ tedhous. and dmgcioui procediiie 

Examination shoned congestion of the face nhen hing donn and piiK-ition of the 
iueuiar veins. There nas slight cyanosis of lips and nail beds. The reins in the 
arL'were prominent and there nere rather marked wineosities holli legs. Tliere 
edema in both ankles, especially the right. The abdomen nas dr-teiided and ail 
f fluid nere present. The liter na.s palpable four fingerbieadlhs belou the 
° tal margin and somenhat nodular. The puhe nas regular and no [.arndox- 
" I r!!Lncv nas noted. Rectal e.x-aminatror, «as negafrie. Wood ,, re-sure »as 
real tenne .r „,ninimtion showed the point of maximum imptilse jii-f oulsi.le of 
IIG/TO. ScT .■ ‘ somewhat inercii-ed in foiee luit sliurjdr 

the midclavrcuar ^in.^ pound was heard at (he apex (l•oIlfirmed l.y slelho 

circumscribed. A -I - enlarged and (he ;iinplitwlc of piit-nlinii 

gram). On fiuoroscopt pliowed large hilar shadow- with eal-ified nreiis 

diminished. A-ra) offiision. The pcrir.-inlinm was eahufied ;)rae(i,-al)y 

and a small bilateral P ' . pp m (he lateral and iddir/iie po-itioii-. 

‘ .. 'Tins was e-peti-ov 

in its entiretj. U''s 
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about t«'o fingerbreadtliF below tlie right costal margin. Venous pressures were 14 
cm. Electrocardiogram showed little change from the previous tracing. 

Case 2. — A Eilipino girl, aged 9 years, was admitted to Leahi Hospital, March 
22, 1939. She had always been emaciated and sicklj". She had pneumonia at the 
ago of 18 months and was hospitalized for three months at the age of 7 years with 
a diagnosis of malnutrition. In Januar}-, 19.39, she had been admitted to Aiea Hospi- 
tal with the diagnosis of pneumonia. 



PiB. 7 (Case 1). — Oblique \lcw of cho-t showInB calciflcatioii of pericardium. 

E.xamiiiatiou revealed an emaciated, pooil}- developed girl. The jugular veins 
"ere prominent and pulsated. There uas dullness on pereu.'.sion and absence of 
breath .sounds over the loner part of both clic'-ls. The abdomen was prominent and 
the liier edge was palpable three tingorbroadlhs below the costal mtirgin. The 
spleen wa.s not palpable. Blood pre.ssure on admis-ion was 78 .‘■y.stolic and GO di- 
astolic. The ilantou.K test wa.s negative on .second strength purified protein deriva- 
tive and up through 1.0 mg. of old tuberculin. Eagle and Kahn tests were negative, 
t'erum protein was 7.1 mg. per cent, blood sugar 93 mg. per cent, blood cholesterol 
138.9 mg. per cent, nonprotein nitrogen 28 mg. per cent, and urine negative. 

X-ray of the chest on admission showed more bilateral pleural fluid on right 
>•010 than on the left. The cardiac outline at the time uas obscured but later studies 
after thoracentesis showed it not to bo enlarged. Xo calcification of the pericardium 
'•ould be .seen. I’luoro.scopic .studies slioued very little cardiac pulsation. Venous 
press, iro averaged around .30 cm. of water. Electrocardiogram showed right a.\is 
dc\ia(iou. 
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out through tlie undecked area as though being released from eonsideiable com- 
pression. Tlie left ventricle rvas freed first. Tlie anterior descending branch of the 
left coronary artery was easily identified and protected. The loft auricle and the 
region of the conus arteriosus were freed without difficulty as were the apex of the 
heart and the right ventricle and auricle as far as could be reached beneath the 
sternum. During the operation some irregularity of heart action occurred but not 
to a significant degree, probably because the heart itself was handled very little. 
A small opening was made in the left pleuia. This was covered with a moist pad 
and no effort was made to close it. Sufficient positive pressure in the anesthetic 
system was used to prevent eardioiespiratory embarrassment. Tiie bleeding points 
were carefully ligated. The operative field was lightly dusted with sulfanilamide 
powder and the incision was closed tight. Interiupied silk nas used throughout. 



f. -f 1 RoentirenocTam of chest sliowinfr calcined left Iilliirn pland. eon 

nesuo^n of& 5,0 b?S%Sd a small puddle of fluid In the costophrenlc .sulcus 
bilateral. Heart shadow is normal size. 


Postoperative Course.— The patient nas gixen nasal o.xygen and morphine, gr. ]h, 
eeded He was given one intravenous injection of oOO c.c. of u per cent glucose 
lactate Ringer’s solution. On the thiul postoperative day a friction rub was 
1 “ 1 ‘a the left axilla, and on the fifth postoperative day loOO c.c. of .scro.san 

heard m aspirated from the left chest folloncd hy air replacement. On 

^T“mh norioperative dav the venous pressure in the rigid nrrn Mas 11 !,.^ cm. 
tlie twelfth P ' P patient made a good recoverj- and was discliargcd from 

and in the left postoperative day. 

the hospital o oration the patient stated that a« far as he could tell, he 

One ytiaf ,.onge--fion of the neck and face appeared t\hen he 

felt practically no*- ^ present although rnurii less marked than 

lay down, (^enia appeared at the end of the day. Diver aas palpahh- 

fornieriy- Slight an (- 
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about two fingerbreadtlis below the right costal margin. Venous pressures nere 14 
cm. Electrocardiogram showed little change from the previous tracing. 

Case 2. — A Filipino girl, aged 9 years, was admitted to Leahi Hospital, JIarch 
22, 1939. She had aluays been emaciated and sickly. She had pneumonia at the 
ago of 18 months and was hospitalized for thiee months at the age of T years with 
a diagnosis of malnutrition. In January, 1939, she had been admitted to Aiea Hospi- 
tal with the diagnosis of pneumonia. 



Pin 7 (Case 1) — Obliciuc wen of clii-t -^hoiMiiK calcification of peilcardium. 


E\aimiuition reiealcd an eiiiaciafed, pooily de\ eloped girl. The jugular veins 


"ere prominent and jnilsatcd There ua-- duHno-s on piereii-sion and absence of 
breath sounds oiei the loner part of both clie'-ts. The abdomen uas prominent and 
tlio luci edge was palpable three fingerlireadths belou the costal margin. The 
spleen njis not palpable Blood pressure on admission utis 7S fv^tolic and GO di- 
astolic. The Mantoux test n.is negative on seeond strength purified protein deriva- 
tive and up through 1.0 mg. of old tiiben ulin Eagle and Kahn tests vvero negative. 


be rum 
138.9 


protein was 7.1 mg. per cent, blood sugar 9! mg. per cent, blood cholesterol 
mg. per cent, iionprotcin nitrogen 28 mg per cent, and urine negative. 


X niy of tlie chest on admission showed more bilateral pleural fluid on right 
>•1110 than on the left. The eardiac outline at the time was obscured but later studies 
after tliorncentesK showed it not to bo enlarged Xo calcification of the pericardium 
lonld bo seen, rinoro'eojne studies showed very little enrdiae pulsation. Venous 


pressure averaged around .10 cm. of water Elcetroe.ardiogrnm showed right axis 
devi'itmn. 
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Between the time of admiPsion, Marcli 22, 1939, and Jul^ 29, 1942, at which 
time the first stage pericai dieetomy was done, tlie liglit cliest rvas tapped eight times 
and 3300 c.c. of fluid were removed; the left chest was tapped three times with 475 
c.c. of fluid, and the abdomen five times with 30,075 c.e. of fluid removed. In ad- 
dition to lemoval of fluid by aspiration the patient uas giren tlieopliylline and 



;; ■ ija mnnum juU" n UiCipin; 

o-i.M.'C - HONOUk-. - ^ 


Fig. S (Case 1).— Portions of calcium removed at operation. 
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salyrgan, 1 c.c. intravenously, about tno or three times a week. She was also given 
enseals of ammonium chloride, 15 gr. daily. Response to these drugs was good as 
noted by the increase in urinary output but as was to be expected the effects were 
temporary. 



Plir 10 (Case 2) -^Xoininl sized litait aitli bilcileral pleural fluid. Hi dropneumo- 

tlionx on the npht «idc 



ri.1 11 — The palltnt md Inciilon 
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OperaUm -The first stage Mas done July 29, 1942, under cyclopropane ane.thesm 
The incision and exposure of the pericardium parallel that described in Case 1 
The pericardium ivas greatly thickened and densely adherent to the heart, there being 
no line of cleavage in most places between the pen and epieardium (See Pig 4 ) 
Over the left ventricle a pocket containing 5 or 6 ounces of straw colored fluid was 
encountered Ijung between the pen and epieardium This gave a starting point for 
subsequent dissection The apex of the heait was found densely adherent to the eon 
tral part of the diaphragm by a broad adhesion This was resected Xo calcium was 
encountered during the operation A considerable amount of thickened pericardium 
overlying the right and left ventiicles was removed but not as much as was needed to 
free the myocardium adequately Operation was discontinued because it was felt that 
we were dealing with a poor operative risk and it seemed advisable to divide the 
operation into stages 

Following the first operation theie was some clinical impioiement but this was 
not marked The patient seemed less cyanotic, the icins in the neck were perhaps 
less prominent The abdomen was tapped on Aug 26, 1942, and 4o00 c e of fluid 
were remoied 


The second stage of the operation was done on Sept 9, 1942 The pieiioiis in 
cision was opened, the second rib was resected and the thud and fourth renioicd 
farther back to give better exposure The operation consisted laigely of remoiiiig 
the thickened epieardium winch had been left at the preiious time This was carried 
out particularly over the right and left lentncles and to some extent m the region 
of the auricles The undecked muscle expanded significantly, giiing ninch freci 
heart action in systole and diastole It was felt that a len definite and marked re 
lease of the heart from its tiglith constiicting eni elope had been accomplished The 
pulse pressure during the operation increased from 20 to 40 mm of meiciiiy 

PostoperaUve Couise — The patient made a good recoicrv On Ihe fourth post 
operative day the preeordial area became prominent and 100 c c of bloody fluid wore 
aspirated Following the second opeiation the patient made considerable clinical 
improvement but the lesults, in August, 1942, did not come up to expectations The 
right chest was aspirated on Xoi 4, 1942, and 200 ee of fluid lemoied, and 7o cc 
again on March 20, 1943 The abdomen was aspirated fhiee times on Oct 7, 1042, 
3450 cc were remoied, on Jan 10, 1943, 4200 cc, and on March 24, 1^43, 3300 ( c 
The venous pressure remained eleiatcd although the blood piessurc returned to nor 
mal limits Whether the lack of more improiement was due to permanent fibrous 
changes m the organs outside the heart or whether the heart and great lessela needed 
further release from constriction is an open question It is prohahic that a third 
operative effort should be made bi an approach to the light of the stcmiim unless 
more improiement takes place within a few months 


SUJnfAKY 

A review of the pathologic physiology, the diagnosis and snigieal 
treatment of constrictive perieaidifis, and a icpoit of two eases tieafed 
surgically is presented. 

In concluding this discussion of clnoiuc consdictive peiicaidilis, we 

• 1 to emphasize the eaidinal findings in this disease TIic lieait is 
1 In sive or only modcintcly enlaigcd; it is in a Axed position, 
noma ^ g.^’j^encc of pulsation can he elicited hy physicn! or tin- 
little or no peripheial veins aie prominonf, pnilieiilaily 

oioscopic exa^ 'i-,rs'\he lenous picssme is Iiitrh and tlie s-yslolir iilood 
the external ]Ugti .’neeme are low. The Iher is cnlaigtd and gt in rally 

pressure and 
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associated ivitli abdominal ascites; there may be fluid in the pleural 
spaces, and edema of the lower extremities. The signs of passive con- 
gestion of the lungs are conspicuous by their absence. 

It has not been our purpose in writing this article to attempt to present 
anything new, for this has not been done. Rather it lias been our aim, 
as stated in the beginning, to help stimulate interest in this subject in 
faraway places where sucli conditions do exist and where such indi- 
viduals cannot avail themselves of the diagnostic and surgical sldll of 
the large medical centers. 
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RECUEEENT POSTOPEEATIA’E ATELECTASIS 

EePORT of l C ISE 


Howard T. Thojipsox, j\I D., Eochester, X Y. 

(From the Vnnerstty of Fochestei School of Medicitic ami Dentiitrii. 
Department of Surgery) 

/~^ASES of recuiTeiit postopeiati^e atelectasis ha^ve been leiJOi’tefl by 
Scott and Joelson/ by Farris,- and by Apfelbacb and Caitei 
Their cases oecuiied at operations tno and one-half, tno and eight 
months apart, respectnely. The fiist tno oeeinied following abdom- 
inal 02ierations and the last following a tno stage Toiek piocedine 
Ye Avish to report this ease of reeniient postopei ative atelectasis oc- 
curring in a 57-year-old nonian nho nndenient ti\o bieast opeiatioiis 
in six days, both of iihich neie followed by atelectasis on the right side 


Case Report — J lrs L G, a 57 year old widoy, y.is admitted to the surgical 
service of the Rochester yruriicipal aud Strong Alemona! Hosjiit.ils on Fch 2 !, 
IfliS, ■nith the chief complaint of Jmiing had a lump in her left breast for one 
month She complained of a burning t\pe ot pain in her breist and hid lo'-t 
about seienteen pounds in ueight in the list foiv months She had noted no 
enlargement of her breast or bleeding from the nipple Pu'-t histon iia'- inter 
esting in that she had had four operations in this hospital In Ibll she hid a 
gastrojejunostomj for duodenal ulcer under iiertin and gi«o\igen on April I, 
on August 26, she had a right lobectonn of her fhvroid for tOMC nodular goiter 
under gas oxygen ether; and on Xoaember 19, had a dilatation and curettage, 
amputation of the cenix, and radical cure of cjstoccle and rectoiele under ether 
On Feb 7, 1935, she had .a dilatation and curettage for ceriic il ‘iteno'-is under ga*- 
oxygen All these procedures uorc veil tolerated iiilhoiit postoperiifii e sctpielae 
At the time of these procedures she had had no c irdiorespir.ilon sirnploiiis 
With the present admission she had a histori of exertion. il dispm i, swelling' of 
her anhles, and two pillow orthopnea of one to two xcars’ duration .“slie had not 
taken digitalis for fixe xears which she started in lOll bct.iiise of sxniiitonis of 
angina pectoris and exidence of mild decomjiens ilioa 


General physical examination roxe.iled a well dexelopcd and well noiirishi d 
alxearold white xxoraaii in no .icute distress The In irt w is inhirgid to tin 
right and left There were no thrusts or thrills ‘•oiinds wen regiil ir, of poor 
nualitx without iiiurniurs PuKes were eipinl without di tint Imngs wire i li ir 
to "percussion .iiid iiiscultatioii Kxtremitii s showed slight lotting i di nui \ i -si p 
showed nioder.itc arteriosclerosis In the outer upper i|iiidrinl of tin lift bn ist 
tl' re xx.as a rounded hrm mass, fnelx iiioxibh, ihoul the si/i of a < In rn (2 In 
‘ rpjigfp -was no retraction of the «! ,„ y.o axill ir.x or snpr u I u i, nliir 
” ^ r,nin .ble Xo missis were Jiotid in tlit right bn is| i he ibdonien 

glands were Poll The lixi r edge w is not [ il/. ibh P. lx i, , x 

was sort < , , i,„_ithx .imputated stump aud a two digni nlroxirsion of 

r" "X— '^aniiict .1. s wire pn ii, ox. r the I o , 

-^.xeil for pubbcation A-n 1 
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X-ray examination of tlie chest revealed slight left ventricular hypertrophy, 
a tortuous aorta, clear costophrenic angles, and essentially normal lung Helds. 
There vras no evidence of metastasis. Laboratory lindings: white blood cell 
count, 7,400; hemoglobin, 14.S Gm.; urine, negative; Vasserniann, negative. 

On Feb. 24, 1943, the patient was taken to the operating room and biopsy of 
the nodule of the left breast carried out under gas-oxygen-etlier anesthesia. Dura- 
tion of the anesthesia was fifty minutes in all. Operating time was ten minutes. 
Preoperative medication was .010 morphine sulfate and .0003 atropine sulfate. 
Frozen sections were not definite and it was decided to close the wound and wait 
a few days for further study of the sections. The patient was sent to the re- 
covery room where specially trained nurses are in charge of the patients until 
they respond and are returned to the divisions. The patient responded and wa.s 
returned to her division. The nurse reported her condition satisfactory at 12:15 
P.JI. At 1:15 p.jj. the patient showed diffuse cyanosis and failed to respond. 
Pespirations were slow and shallow. Examination revealed the trachea to be 
shifted to the right. Breath sounds were depres.sed at the right base with some 
■Stick}- inspiratory rales. Percussion of the chest revealed the mediastinum to be 
shifted to the right. Breath sounds were normal on the left. A diagnosis of 
acute atelectasis on the right was made. Preparations were made for immediate 
hronchoscopy. Oxygen was given because the interval before this was carried out 
■"ith .some decrease in her cyanosis. 

Bronchoscopy was carried out using a No. 7 Israel scope and the bedside tech- 
nique as advocated by Tucker, referred to by Lell.^ Several large plugs of mucus 
Were removed from the trachea and the right main bronchus. The mucosa ap- 
peared edematous. The patient 's cyanosis disappeared almost immediately. Breath 
tiounds were evident on the right side by auscultation and the trachea shifted 
l)ack to the midline. The patient responded well and her only complaint was a 
slight sore throat. She was started on sulfadiazine by hj-podermoclysis prophy- 
lactically. Her temperature that afternoon at 4 p.jt. uas 37.S° C. hy mouth and 
from then on never rose above 37.5“ C. Her convale.=ccnce from this experience wns 
Uneventful. At no time did she develop any cough or sputum. 


Pathologic report was returned, papillar}- cy.stadonocarcinoma of the breast, 
liadical mastectomy was indicated and on llarch 1, 104.3, the fifth postoperative 
day, this was carried out under gas-o.\ygen-ethcr. Operating time was two hours. 
Aiiosthesin time was two hours and thirty-five minutes. Preparation medication 
consisted of .010 morphine .sulfate and .000.3 atropine sulfate. Because of our 
previous experience with this patient, intratracheal anesthesia was used and suc- 
tmii of the trachea carried out for the final twenty minutes of the operation, the 
upper re.spiratory tract and trachea being cleaned of all miicu.s. Operation was 
completed at l];]n .\..it. .She was sent to the recovery room. At 11:50 .\.ir. the 
patient beeame dilTuselv cyanotic and had dei>ression of respirations to 8 per 
niiMute. K.xaminatiou rc\ealcd essentially the .same findings as followed the first 
'•I'eration. I’lip trachea was shifted to the right. Breath sounds «-ere dcpre.sscd 
"n the right .side and there was mediastinal shift to the right. She was given 
uitravenoiis coramine ami bronchoscopy wns carried out. This time the right 
middle and right lower hdie bronchi were found to be occluded by mucus plugs 
•‘ltd the.se were sucked out. The miico.sa niipeared red and edematous but the 
trachea wns clear. 'Phe imtient responded immediately and her cyanosis disap- 
peared. Breath sounds were well hearil at the right base. 

fhe imtient was not started on ]iro]diylartic sulfonamide therapy this time. 
O' (lay following her operation .she had a temperature elevation to 35.2° C. 
here Was some deprcs.sion of breath .sounds at tlie right base and a few stickv 
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nispiratory rales were present. A diagnosis of residual peripheral atelectasis was 
ma 0. , u adinzine therapy was started. Temperature elevations continued for 
10^ ne.-st two da3-a to . 38 . 0 ° C., but she had no cough or expectoration. The re- 
mainder of her postoperative course was essentialh' uneventful. She was dis- 
charged home on tlie sixteenth postoperative day. No x-ray examination of the 
chest was done after the tirst acute atelectasis. Two days after her second 
atelectasis a roontgonogram revealed no evidence of a pneumonic or atelectasis 
process in the lung fields. 


DISCUSSION' 


Tlie possibilities of the cause of atelectasis in this patient who ten 
years hcfoi’c liacl uiulerp:one general anesthesia three timeSj and eight 
years before onee, three of these being major procedures, are manifold. 
With her present operation this patient now a cardiac, Class m, and 
with evidence of mild failure might well fit into that class suggested 
by the vasomotor theory. This theoiy suggests the possibility of dila- 
tation and stasis in the blood vessels producing obstruction by the 
outpouring of secretions. The importance of obstructing bronchial 
secretions was first stressed bj' Elliott and Dingley’® and emphasized 
by Jackson and Lee.” The mucous membranes in this case were 
edematous and the patient at no time had retched or vomited. There 
were definite plugs whieh ■were occluding the bronchi and ivhich were 
aspirated at the time of bronchoscopy. The patient had received .0003 
Gm. of atropine preopei’atively both times and the possibility of this 
drying up the secretions into tenacious mucus plugs must be considered. 
We believe that .0003 Gm. of atropine is the minimal amount a patient 
should receive preoperatively who is going to have a general inhalation 
anesthesia. This vasomotor theory is mentioned by Mousel,^ who later 
states that he believes most postoperative atelectasis is caused by an 
actual plugging of the bronchus, tenacious mucus secretion which has 
collected in the tracheobronchial tree during anesthesia, by tenacious 


mucopurulent material present preoperatively, or by mucus, blood, or 
vomitus which has been aspirated into the bronchus either during or 
immediately following the anesthesia. We believe that this patient 
might well fit into the first group. 

William LelP mentions as one of his six modus operand! of post- 


operative atelectasis “the too frequent improper and often unnecessary 
use of intratracheal anesthesia.” He believes that the presence of a 
large catheter in the glottis of the larynx prevents the vocal cords 
from approximating and secretions can thus be readily aspirated into 
the tracheobronchial tree. We did not use it in the first operation. 
^ second it was used in order that the tracheobronchial tree might 
!wmiehlv aspirated postoperatively. While it might have been a 
oe tno B .T atelectasis in the second operation, this experi- 

contributing ^ important point, namely, that oven after twenty 

ence does bung by a trained anesthetist, a catheter siie- 

minutes of assiduous suction y 
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tion cannot be effective beyond the bifurcation of the trachea. This 
was confirmed at bronchoscopy when the trachea was found to be clear 
but there were two plugs occluding the right lower and middle lobe 
bronchus. 

The suddenness with which these attacks of atelectasis occurred fol- 
lowing operation is interesting. Zuksehwerdt and Lezius® state that 
postoperative massive collapse of the lung never appears before the 
second or after the fifth postoperative day. These eases of proved 
po.st operative massive collapse following within three and one-half 
hours and fortj’ minutes, postoperatively, are contrary to this broad 
statement as well as cases reported by Gius,' and the e-vtremes stated 
by Adams,® who says that it characteristically makes its appearance 
twenty-four to seventy-two hours following surgery, but may develop 
as late as seven to ten days postopei-atively. These instances are be- 
lieved to have occurred in the shortest time interval postoperatively 
yet-reported. 

Thomas and his co-workers® in a discussion on massive collapse of 
the lung as a complication of surgical procedures mentions as the first 
important point, postoperatively, the bandaging of the patient. Fol- 
loM’ing the first operation the patient had only a local dry sterile dress- 
big applied to the biopsy wound. There was no restriction to move- 
ment of the chest or abdomen by bandaging. After radical mastectomy 
a large compression bandage was applied to the chest to prevent fluid 
exudation into the dead space formed by removal of the breast. This 
did restrict motion of the chest, which in a female predominately a 
co.stal breather is an important factor. 'While a factor in the second 
instance it was not present in the first attack. 

SUMMARY 

1. A case of recurrent atelectasis is reported following biopsy of the 
left hi-east and five days later radical removal of the left breast. 

2. Roth instances occurred on the right side; the first involving the 
right lower lol)e and the .second the i-ight lower and right middle lobe. 

lilild cardiac failure seems to be the only condition pi'csent in both 
instances. Its connection with the vasoinotoi- theory is discussed. 

d. The time intervals between the o])erations and the occurrence we 
believe are the shortest ones yet reported postoperatively. 

The npeiiaion't %\eie iiei foi nied !>> Dr Robert Sewell, Resident in .Surrery. nt the 
Mrnni,- Meinoil.il nnd Roelie-'ter .Mmiirh -il Ho>-|iitril-.. nionrhn>.eoiiies were rnrrled 
out by Dr. Kellli Tiirror, Resident In Otorlilnolnrynpolojo’. nt the Stronc MemorinI 
nnn Rocherter Munieliml Ho-iiilt.Tls 
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THE TREATMENT OP ABSCESS OP THE THYROID GLAND 
CAUSING TRACHEAL OBSTRUCTION 

WiLUAM H. Prioleau, M.D., P.A.C.S., Charleston, S. C. 

(From the Department of Surgery, Medical College of the State of South Carolina) 


A bscess of the tyroid gland probably occurs more often than is 
indicated by the few cases reported in the literature. Tracheal ob- 
struction is present in nearly all of the reported cases, an incidence 
higher than likely generally obtains. Abscess formation more com- 
monly takes place in a diseased gland, particularly of the nodular type, 
the degenerated contents of a nodule being a favorable medium for 
liaeterial growth. On the other hand, abscess may occur incident to an 
acute thyroiditis in a previously normal gland." Infection commonly 
take.s place by the blood stream, at times, but not necessarily as a result 
of a systemic infection. It may take place also by lymphatic channels 
in infections of the tonsils, larynx, or trachea.^' ® Except as just stated, 
the thyroid gland is seldo?n infected by lymphatics or by continuity 
from other cervical structures. The inthimmatory process in the af- 
fected portion of the gland causes such rai)id change in shape, increase 
in size, and tension as frequently to obstruct the trachea by pressure. A 
commonly associated inflammatory edema of the larynx and trachea may 
contribute to, or alone may cause obstruction to, respiration." The sys- 
temic effect of the infection may be of any degree of severity depending 
upon the acuteness of the luoeess, the type of the organism, and the 
physical characteristics of the abscess. 


The cour.se of event.s is generally rapid. Tiie combination of respira- 
tory obstruction and an acute inb-elion makes a very ill patient. In the 
more fulminating eases a fatal outcome is ]n-cventcd onl.v by a timclv 
diagnosis and proper treatment. The respiratory distress and the swell- 
ing in the neck are the commonly tiredominant findings. In anteriorly 
mtuated ahsee.s.ses the overlying skin is warm and reddened. There is 
pain, iiidurntion, and fl.salion anteriorly and to one side of the trachea. 
In the more deeply sitiialed ab.see.s.ses there is little more than a sense 
of firmness on the afl'eeted side. Lehey calls attention to a limitation of 
the elevation of the chin, and a depre.ssion of the chin on swallowing.^ 

If the respiratory distress is not so great as to demand immediate 
operative relief, bed rest and sedation may result in sue}) jncrea.se in 
breathing space as to make it possible to defer tlie operation for a few 
hotn-s to a few days, thus leading to general imiirovement in the pa- 
ticnt. During this iieriod the infection tends to localize jind to .some e.x- 

mr.lvi'O fnr Duaiir.illon, Jiiii'- 3, 1913. 
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tent to subside, tlius improving tJie operative risk. Proper sedation' and 
supportive measures ai’e used. Sulfonamide therapy ivould appear to 
l)e indieated but its use lias not ))ecn reported. Morphia should be used 
sparingly and with care due to its de])rcssant efl’ect upon the respiratory 
center and its Ijonumbing effect upon the consciousness resulting in a 
lessened resi)iratory effort. IloAvever much this waiting period maj" be 
desired, it is to be emphasized tliat a sustained respiratory effort of more 
than minimal degree is an absolute indication for a tracheotomy.” Fail- 
ure to irrovide the jratient rvith this means of relief will inevitably re- 
sult irr corrrplcte exhaustiorr, aird only fiirally a rapidly developiirg cyan- 
osis which is generally a sigir of impending death. 

'Whether immediate or .somewhat deferred, operation is indicated’’”’® 
for the relief of the respiratory obstruction, and drainage of the abscess 
to relieve the systemic infection and to prevent spread particularly into 
the mediastininn or perforation into the trachea.”’ ’ 

The anestliesia of choice is the local infiltration of procaine. Inhala- 
tion anesthesia can not ho administci’cd safely or effectively through a 
narrowed and irritable air passage. Eeetal or intravenous administra- 
tion of the anesthetic agent is inadvisable because general anesthesia by 
any route deprives the patient of the conscious effort which is so impor- 
tant for obtaining adequate oxygenation in the presence of a narrowed 
airway. The use of an intratracheal catheter is to be avoided except 
with preliminary exposure of the trachea, since its introduction may be 
accompanied by such difficulty as to precipitate a complete obstruction 
to respiration. Also in such eases the trachea is particularly susceptible 
to damage as indieated by the report of cases in which it has been per- 
forated by the abscess.”’ ” In these cases, cessation of respiration, 
whatever its cause, demands an immediate tracheotom3'.’'’ This must be 
performed under difficult conditions which add to the danger and de- 
3rease its effectiveness. 


For operation the patient must be placed in a position which will af- 
3rd him the greatest ease in breathing. Tliis is genei’ally an awkward 
osition for the surgeon. The usual th3Toid approacli is made by a low 
jllar incision 3vith the formation of skin plat3’smal flaps. The pre- 
ipToid muscles, if not involved in the ab.scess wall, are divided in the 
lidline and then transversely as indieated. Gentle manipulation and 
voidance of pressure upon the trachea is of the utmost importance to 
' id fiTi’ther obstruction to the respiration. The abscess is drained if 
-eadilv accessible, otherwise the trachea is first exposed to permit 
' nd quick tracheotomy, should it become necessary. Location 

^ no-e of the abscess is then in order; excision of some of the in- 
nd dram „ advisable. This generally relieves the 

ected glan ‘ . jjowever, as in one case reported here, tracheot- 

•espiratory o s j^ecessaiy on account of edema of the lai’ynx. In all 
)my may still oe , s],ould be exposed in case a frachcolomy 

3ases a portion ot the 
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•slioiild become necessaiy after operation. The wound is loosely closed 
with adequate provision made for drainage. 

When ab.scess of the tliyroid gland is ti’eated in tliis manner, the result 
i.s generally a subsidence of the infection and a return to a normal thy- 
roid balance. 


Casi, 1 (Xo. E 29oG3). — B. B., a single white woman, 73 years of age, was first 
seen, Xoi, S, 19.1S, at her lesulence wheie the ia=ping, stertorous bieathing could he 
heaid upon opening the fiont dooi. Uei geneial liealth had been good until two 
weeks pieviously when she fiist noticed the sudden appeaiance of a swelling in her 
neck. Since then she had been conscious of pressure upon the tiachea, and had had 
a eougliing spell oieiy inoining. The coughing spells had increased in severitj' 
until on tlie nioining of examination she was unable to breathe e.xccpt with gieat 
difficulty. She was conscious and conipowd, but apprehensii e. She was moderately 
cxliaustc'l but not cyanotic. The pulse late was 120, its lolume fair, and its rhythm 
somewliat iiieguhu. Theie was a fii.m lixel swelling above the sternal notch and 
to the right. A diagnosis was made of no lulai goitci which had undergone some 
intemal change causing ti.icheal obstruction. The uigent need of a tracheotomy 
"as recognized but lather than immediateh attempt a difficult procedure under 
adveise conditions, she w;is given Vi gr. of morphia and taken by ambulance directly 
to the operating loom. Xovoeain was infiltiated localK. A'low collai incision was 
made through the skill and platjsinu, and flaps weie leflected. The prethyroid 
muscles woic divided in the iwidline. An iiuision was then made tlirough the ovei- 
l.'mR thyioid tissue to the tiaehea, which was disphued postciioily and to the left, 
so as to he pieparel foi a luistv but safe tiaeheotomv. Mostly bv digital nianipula- 
tioii, several large pieces of thvioid tissue were leiiioved from the right side. The 
tissue was degeiieiatel and siiggeslcl caieiiioma. Tliiek pus exuded fiom several 
pockets. A Iiiuitod exainmation ot the paitmllv exjiosed left lobe levealed some 
uodular enlaigemeiit. .\t this time bieatliing vvtis much easici. Gauze was placed 
loosch in ilio cjivitx lett li_v the removal ot the thyroid tissue. Tlie wound was 
p'lrtuillv elnscil, leaving tidequafe space loi drainage. A eiiltiire of the pus vvtis 
positno for a “ ph'omoi pine giam negative bacillus iionjiathogoiiie. ” The pathologic 
evainiiiation showed a nodulai gmtei with tollieles of both the distended and Iiyper- 
plastic tv pes. Tlieie vveie mens ot evstie degeneration, iieeiosis, and .scairing. One 
large area of necrosis slmvMxl suppaiatioii at the peiipherv. 


•'0011 after the [laticiit leluiiieil ti> the waid the obstruction to breatliing in- 
V reused. The jiatieiit eoiild not be urouseil and a slight facial asynmictrv suggested 
.1 lerebrovasciilai accident. Tiavheotomv was decided upon tind was performed 
"itli easp^ thriiiigli the exposed portion ot tlie traihea, two hours aftei the original 
oiK'ialioii. Riipiil improvement lollovveil Tvveiilv four hours later the laivn.x was 
‘■ecu to be clear and the vocal eoi'K to move well, so the traeheotomy tuhe was 
removcil and a gaii-'c strip plai ed agaiiisi tlie liaelieal o(ioiiing. Five dav.s later the 
Isitieiil left the hospital witli the ti u lieotoiuv oiiening closed and the neek wound 
'bsiliarging seropuiuleiit iiiateiial Tlie eoiiv aleseenee was uneventful and rocoverv 
"as rapid. 

Gii exaiiiinalion. Vug 17, logi, tin' vvoiiinl was nnelv healed. There was no 
I'llinble llivrnid lis.,iie. .s|i,. li-,d gamed weight ainl liei appeariiiiee was ilnit of a 
mumal llivmid balame; tlie onK -viiiploiii was ;> sl,e|,i iinprodiietive i ough. Three 

Its after opiuatioii v|ie Imv luol no fiirtliei trouble, exeepi for an oeeasion'il irrit-i. 
live I ough. 


'''M 2 (Xo 
aimtied Feb. 1, 


I! ll.'illHi )! 11. :i Xegn. woman, so jears of age. was first ex- 
it'll. Two vveeUs prevmiislx s|,e lir,t be. nine eoiiseioiis of a .swelling 
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in lior nock. Since then '■he Iiiid expciiencea incicising difficulty m breathing, and 
later in MMillownig fclic uas t.ilin hut Jiairng considerable difficultj in breathing 
There y\as a fnni, fixed tiiinoi to the left of the trachea engaging the superior 
«trait. llei tenipeiatiiie y\ac 09.0° T., iiiilso 110, and blood pressuie 1G0/9G The 
local cords could not be seen due to disidacenicnt and edema of the lar.vnx X raj 
examination showed a dense iriegular shadow behind the upper portion of the 
sternum displacing the ti.ichea considerablj to the right and also enlarged pen 
bronehial hnipli nodes. The white blood cell count was 9,100 with polj-morphonu 
clears, /.I per cent A di.ignosis was made of nodular goiter undergoing some change 
with rcbiiltant ])iessuic upon the trachen Upon bed rest and mild sedation the 
breathing became much easici so operation was deferred to obtain improienient in 
the general condition of the patient 

Opeiation was performed Ueb 7, 1941 Undei novocain infiltration a collar 
incision was made thiough the skin and plitjsma Flaps were reflected The 
Iirethjroid muscles weic dnided in the niidlinc and then transierselj on both sides 
Dissection was next cairicd dowai to the trichea, which was exposed with difficulty 
due to its displ.icemcnt and the oierhing gland The left lobe presented a firm 
mass yyliicli it yyas decided to remoye The superior attachments to the larjnx yvere 
seyered and yyliile attemiiting to fiee it fiom the trachea, to which it yvas denselj 
adherent, a quantity of pus escaped The opening yy.as enlarged and a tluck walled 
c.ayity yy.as encountered This yyas emptied and yyas found to occupj the lower tyvo 
thirds of the left lobe winch was lesected almost completely Limited ex 
posurc of the right lobe reycaled onlj' little enlnigcment Hemostasis and closure 
were effected with cotton A riibbei tissue di.ain was placed to the left of the 
fiachca The airway was adequate thioughout the operation The cony alescence yvas 
uneyentful except for a purulent discharge fioni the wound. The patient was dis 
ehaiged from the hospital seyenteen dajs aftei opeiation 

A culture of the pus fioni the abscess was positne for a nonhemolj tie strep 
tococcus The pathologic lepoit showed a cjstic structure Ti/j bj 5 bj 2 cm The 
inner lining consisted of suppuiatiye inflammatorj tissue, the wall yy.as thick and 
fibrous An attached piece of thjioid gland w.as lijperplasfic in places In some 
areas there was cjstic distention of the acini 

A few months after the opeiation and duiing the subsequent jear there appeared 
suppuratue tuberculous Ijniph nodes in the left posterolateial superior cervical 
region Excision was peifoinied on thiee occ.asions Keesamination of the thyroid 
tissue remoyed at opeiation showed no eyidente of tubeiculosis On April 17, 1942, 
fourteen months aftei opeiation, theie w.as no palpable thyioid gland She had 
gained weight and appeared to liaie a noinial thjroid b.alancc 


COMMENT 

The t\yo cases lepoited aie both m elderh' yvomen yyith only tyyo yyeeks 
of knoyyn duration of tumor in the neck Kespnatoiy obstiuetion in one 
necessitated immediate operation, in the otJiei, opeiation could he de- 
feiied In neithei case yvas theie but mild systemic infection In both 
cases suppuiative processes yyeie toiind in glands pieviously diseased 
In both eases the lesult of treatment has been satisfaetoi-j 


SUM3IAKY 


1 Abscess of the thjioid gland is commonly piodiictnc of lia 


acheal 


obstiuetion 


E 1 leeomiition yyith tieatment by opeiativo diainage is indi- 
cated aildgeiierW lesults in a euie 
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3. Tracheotom 3 ' should be performed in case of sustained respirator.v 
obstruction. 

4. Two cases are reported. 
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IjMPRESSION TECIINIQUID FOE EEOONSTRUCTION OF 
LAKGE SKULL DEFECTS 

E. S. Gurdjiak, M.D., J. E. Webster, j\LU., axd 
J. CiiAioxoN Browx, D.D.S., Detroit, ]\ricH. 

(From the Department of f^urperij, Wayne University College of Medicine, and Grace 

ITospital, Detroit) 

' I ’HE ^icecl occiisionally arises for reconstructing defects of tlie skull 
which are unusually large and asymmetrical. When an inanimate 
transplant is used, it may he prepared to fit the defect accurately prior 
to operative repair. In the following few paragraphs we wish to de- 
scribe a method for rejiair of large skull defects with plexiglass 
(methylmethaciylatc) . 

TCCIIXIQUE 


It is advantageous to secure a model of the patient's entire skull. 
This is particularly true if the defect extends into the temporofronto- 
orbital region. The model must include this area completely. The 
model of the entire skull may be obtained as follows. The patient’s 
head is shaved and the scalp is lubricated with vaseline. A metal rim 
is applied to the base of the skull to which is attached a cardboard 
similar to a hat rim and about as wide. Indelible pencil marks are used 
to outline the defect by marking the scalp along the border of the defect. 
With a brush, a first layer of snow-white impression plaster A^o. 1 is 
applied to the head. When this is partially set, a well-dampened piece 
of gauze or cheesecloth is placed over the entire area to serve as a binder 
for the plaster. The purpose of the first application of a thin layer of 
plaster is to be assured that the unsupported ti.ssue of the defect is not 
displaced by the second and heavier layer of pla.ster. A second heavy 
layer of plaster may then be applied, and wlien this '"s set, the impres- 
sion is removed and a negative of the skull and its defect are thus ob- 


tained. 

A positive may then be prepared by pouring artificial dental stone into 
the negative impression. Usually there is sufficient vaseline in the nega- 
tive to permit the removal of the positive with ease Tlie jmsitive 
should be placed on a suitable base in order to avoid in.iui'ie.s to its edges 
• to the defect border. The anatomic markings of the car and ciliary 
t should be present on the final mold. This master model is used 
^^*^tead of the patient for reconstructing the artificial graft with ac- 
curacy and coni e (jgfects, templates may he used to obtain .sym- 

Particu ai 5 “ f .flie defect. A template in the horizontal and 

metrical buildmg-up or 


liverl for publication, 


.Tune IMS. 



guedjiak et ad.: keconstrgctiok of skull defects 877 


in the vertical position, cut out of cardboard and fitting the normal 
side, maj' then be placed on the side with the defect to note the extent 
of build-up necessary for bilateral s.^unmetiy. 

Tlie area of defect is then filled with artificial stone and the contour 
is corrected with the use of templates, adding plaster as needed to pro- 
duce a symmetry corresponding to that of the normal side. The final 
build-up rei)resents the contour which is desired when the skin overlies 
the graft. 

■^he skull in the region of tlie Iniikl-up, in place, is lightly covered 
with vaseline. A negative impression of the area in defect with the 
build-up in place is then obtained Avith dental artificial stone or plastei-.\^ 
In order to compensate for the thickness of the skin, the inner surface 
of the negatiA'e may he reduced rvith Kerr’s No. 28 gauge green soft 
Avax in tAvo thicknesses. In places AA'hcre the skin is particularly thick, 
more thicknesses of Avax may be used, *-l^rom this corrected impression 
a positiA’c model is prepared Avhich represents the slaill AA'ithout OA’er- 
l.A'ing skin and Avhieh giA’es the desired contour for the gi'aft. This posi- 
tiA'e may he made using dental stone. Plexiglass (methylmethacrylate) 
AA'as u.sed in this study, 'When plexiglass is used, an adequate amount is 
cut Avith a band saAv. It is then gently heated AA'ith a dry flame from a 
Bunsen l)urncr luitil it becomes soft and adaptable. Tlie heated plexi- 
glass is then adapted to the outer surface of the mold. In the process 
of tlic adaptation, the edges of the glass ai’e beA'eled to produce a2i ae- 
ouratc fitting. Holes are drilled into the edges for the pnrpo.se of fixing 
die graft into position by means of approjiriate suture material (steel 
wire). It is somcAvliat easier to make a necatiA-e of tlie mold and then 
achq)t the warm plastic to its surface. In fact, the graft may be placed 
belAveen the positiA'e and Ibo negatiA-e and be fixed into position. 


C.A.SK ItBPonT. — G. O., -1 operated upon Aug. ipao, at the 

f'rnce Hospital, for a targe nialiguaat meningioma "toning in t!ic left frontal lobe. 
Hie marked edema ncec'-sitated tlm '•Heufieing of tlie bone flap. Convalescence alus 
. salispictory but tlie Aision, aliieli bad been rerv poor befoic operation did not iin- 
I'l’ii'e appreeiably. Tlie patient aa.-is guen deep .\-ray therapy in the left frontal 
lobe neie)|),o| Qu ppp -I"' "a^ re operated u[ion because of recurrent 

lieadaelicti and (ao generali/ed epileptic -pells. .\( the speond operation onlv a 
elierry.,si/p,i tumor a as seen growing from the dura near tlie nudllae. Tlie paflio- 
logic report was emlollielio-areonia of the liiini. The brain in the frontal region 
•ippeared necrotic-, pale white, ami eonlaim-d many Miiall boles ( elieos''like). Host- 
oporathely, the patient had almost daih generalired and jai-k.-nnian .spells, irhicli 
A'erp eieiitually eonirollod with phemibarlntal ami dilantin Within ,1 month tlie 
-spells .siihsided tind -he iiail oiili one genoraiired nllneh until March 19 191‘d when 
tlie sl;i,ii {Jpfpct ri'p-iire.l, Iteeaii-e of the disfiguring dofeet of the skull and 
diVriiicsv on (-looping, it wa- thought a.lvi-able to repair the -hul! defect with 
i'eviglm,.,. 'ciie propo-ed traii-phuit wa- prepar.-il prior to iho operalioii in n n,.,,,. 
tii-r dt-srrilied preiioii-ly i Fig-. 1 and Ci. Pigs. :: to 7 -lion the patient before .and 
-1 (i-r repair. Thi- (raii-iilaiit was sterilired b\ imiiiersioii in p.7 {,er cent aleoliol for 
t'leiilj four hours. It wa- washeii in ilisfille,] iiatei before 11-,-, The transplant fitted 
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flic (U'fcct p(‘rf(*ctly jiikI no (*orio(*lion was necossaiy at the time of tiie opeiatiou. It 
was lield in place by wiie sutures. Small liole.s were made with the hand drill in the 
shall and in the tiansplant for .sutiue. The subcutaneous tissue and the .skin were 
sutured ovei the tiansplant with inteiiupted silk with no diainage. Within twenty- 
four hour.s theie was a collection of seiurii under the .skin. This w-as thitij broivnish 
in color, and diained easily witli a No. 18 needle inserted subcutaneously. A .smaller 



FiS. 1.— To the left is sliown a model of tlie skull with its defect to be lepaiied. 
To the right is shown a positive and negative of the area of defect after build-up. rne 
plexiglass graft is held in the light hand. 



. tsr ni-istcr model of the -sK-iiIl witli the defect ellml- 

o_T0 the left graft.' To the right H shown the positive and nega- 

:feero?'le?e\t'’afterbuild-uP. 




i irjiii.*- .-r nj*'Uf <if t)i*' -iKiilI 'Nf.'pi nith 

irrnfi | 'in'I » tin 
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pollcc.tion w!is drained flic following' day. Tliercaffer there was no collection of 
fluid and the wound healed by primary intention. During the ensuing ten flays, 
the patient had many minor generalized convulsions in much the same manner as 
after the second operation. The.-ic were controlled with .oedatives. In the folloiring 
thirteen months there was no reeurrence of these attacks .and during the followin 
tiftcen months there were no reactive changes due to the transplant. Further dizz 
ness from bending down cea.sed to bo a complaint. 



DISCDSSION 

The suhieet of reppir of skull defects has Iteeu studied and the liter- 
itm-e reviCT-ed with great care by Grant and Norcross.' Several atfieles 
ave appeared in the literature, since 193S, on the use of inanimate 
lave app nf the skull The contributions of Geib,- 

to Stuck,- and Pudeua- die 

p?oUm from the standpoint of the use of vitallium .and to>- 
: . ! irh sueoested that the fittipg of the transplant to the pnt.ent s 

f J aone rt the time of the oper-ation, tvhich .vo eons.der to be .a 
defect he ‘ if ihe defect is asymmetrical and possesses 

disadvantage in sjmimetry. In such instances, the pre- 

many and ^au transplant, be it tantalum, vitallium, or 

operative i ^erv small amount of readjusting should 

plastic, is of ti,e operative repair of the defect. In the 

be neeessarypat Die ^ffi^g ^an he 

case of the plastic t lai to diT boat on tl.e Bunsen hiirncr 

done easily by “PO^o mating room or in the operating room, 

iromediately next dooi_^ 


timeuid 101:1 , , 

Mocal anesthesia IS nsed. 


tfi 
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Plexiglass (methylmethacrylate) has been itsed for the construetion 
of femoral head' with apparently good results Cameron* also has used 
the matex’ial for skull defects and considers it superior to metallic trans- 
plants because the plastic transplant is transparent to x-ray and also 
because it is sturdy and retains its shape. 

The purpose of the present communication is not so much to discuss 
the merits or the disadvantages of plexiglass as a ti’anspla7it material 
but more to bring out the described impression technique for the pre- 
operative preparation of the transplant. It seems to us that this is a 
great advantage in extensive defects in the skvill in the frontotemporo- 
oibital region. 

The management of smaller defects of the skull by o.steoperiostea] 
transplant from the patient’s skull or with rib transplant is generally 
accepted of proved value. This subject was discussed in a previous 
article in 1935.® We have had the opportunity to use osteoperiosteal 
transplant from the outer layer of the skull on many subsequent in- 
stance.s with excellent results. 


COXCLUSIOXS 

An impression technique for the building of inanimate transplant 
for large skull defects is described. In this case mctliylmefhacrylate 
(plexiglass) was used and at tlie end of fifteen months was still in ex- 
cellent repair with no evidence of deleterious react iojis to the patient.- 
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CONCHNITAL ATKESIA OP THE ESOPHAGUS 
'i’lTE Description’ of ax Operative Procedure 
Edgar J. Potii, Ph.D., M . T )., Galveston’, Texas 

(I'rom the Deimrtmenis of Suri/ery, Johns Hopkins University School of Iledicine, 
and The University of Texas Medical Braneh) 

/^OA’GENITAL atresia of the esophagus occurs sufficiently infre- 
quently that few physicians see many of these anomalies. The 
surgical treatment of this condition has been most unsatisfactory, but 
it appears now that the solution of this problem is not far distant. It 
seems desiralile, therefore, that any possible attack on this problem be 
I'eported so that the technique may lie incorporated into whatever pro- 
cedure may soon prove itself. 

Some 330 eases have been reported and are included in recent re- 
views of this subject.’"' A simple, practical, clinical classification of 
these anomalies was published in 1929 by Yogt.^ His classification 
is presented selieniatieally in Fig. 1. Because of its more frequent 
occurrence, Type HIB is of greatest surgical importance. 


DIAGNOSIS 


The diagnosis of esophageal atresia can lie made during the first few 
hours of life bj’ the recurring attacks of coughing, choking, and cyano- 
sis which are aggravated when fluid is given by mouth. Also, there 
will be an excessive amount of frothy spittle coming from the infant’s 
mouth. The suspicion of the presence of an esophageal anomaly is 
confirmed by x-ray study. In all types of esophageal atresia, except 
Type I, a catheter can be introduced into the proximal segment, and 
the length of the segment demonstrated b.y x-ray by the distance to 
which the catheter can be inserted. Eadiographically opaque fluid 
media should not be used. The.y contribute nothing to the diagnosis 
with the possible exception of instances of Type IIDl, and may cause 
dama'’'e b.y their aspiration into the bronchioles and periphery of a lung 
already involved by a varying degree of inflammation. The absence of 
o-is in the gastrointestinal tract will eliminate the pre.sence of Type Jll/i 
IIIG The extent of pneumonitis and pneumonia preoperatively 
uld he evaluated as a guide to prognosis. Satisfactory treatment is 
el ^ dependent upon early diagno.sis before an aspiration pneu- 
\as occurred, but sufficient time can be taken foi' the proper 
moiua < patient. Both whole blood and plasma may be given 

bfffitramedullary'trausfusion. 

■"^ived lor publication. 


June 10^3. 
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TREATJIENT 

Various workers have attacked the iuipoitant problem of eliminating 
regurgitation from the stomach witli its consequent flooding of the 
pulmonary tree. The procedures to accomplish this I’esult were lemewed 
by Carter,® in 19fl. 

In 1936, Leven,' exterioilzed the cardiac ends of the esophagus and 
stomach, intending that the lesulting angulation would prevent regurgi- 
tation. In the same year, Cage and Ochsner’ proposed the ligation of 
the cardiac end of the esophagus. In the discussion of this report, 
^lixter reported having ligated and divided the fistulous eommuniea- 
tion through a riglit-sided extrapleural approach, the distal esophagus 
being brought out dorsally and a tube introduced for the purpose of 
feeding. Likewise, in 1936, lleatly^ attempted to eliminate regurgi- 
tation by closing the cardiac end of the stomach and performing an 
abdominal esophagostomy to drain the distal segment of the esophagus 
of two patients. One of the patients lived foi- 1-15 days. 



1. — A {schematic ropn*si'nt;itn»n of tho usiuil chnicany .sipnl/lcant type*? of 
Vm i'^^*'** anomalies. Tuvr I. ('onpenitaj ab--«*nce of e>ophajnis (rare). Type II, 
iViSf'i lower .‘•emnent.'* »»r «'>ophnKU‘‘ iniii'i. Type III, Trachoo-e50j)hagoal 

c^iula.s: A. I'ppoi sopment of t'^ophajiu- c«»nHniinlcatincr uilli ilie trachea; lower 
' hliml (rare). It. t’pp*i .vi‘;;nn*nt of fWJplmmi*! blind, lower .«e^rment corn- 

with the iraohea (oecurrm;i mo'^l frequently). P, Hotlj upper /iml lower 
oopliainiN etmimuno'rttini: with trachea (rare). {Motllfied from 

I agree with Laiimaii." Leven," anil many others interested in this 
problem, that tiie tii'st steji of tbe operation on traeheo-esojihagenl 
fislnla.s of Type III// and IHC L a diiwt attack on the fistula, and if an 
unniediatc amistomosis eaiinot he eft'eeted between the uiijier and lower 
segments o) the e.sopliavn.s, tlie Types Ill/I and lilt' are eonverted into 
I'.vpes II or llL-1. The all-important eoiisidei'ation is that the e.sophngiis 
be diseoiiiieeted from ilie traehea to previ-iit reirurgit.'ition of stomaeli 
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contents into the trachea. Within tiio next three days a Witzel gas- 
trostomy should he performed in order... that the infant can be fed. 
After these nianipidations tJie pro.xinial esophageal segment must he 
brougJit out to form a cervical fistula.- Should the patient be free of 
other congenital anomalies and survive the three preceding operations, 
one is faced with extensive plastic operations to" construct an extra- 
thoiacic tube connecting the upper esophageal segment with the 
stomach.®' 

Because of the relative frequency of Tyjje UXB, its treatment is moj’e 
important than all of the other forms combined. Obviously, a direct 
attack on the fistula ivith an immediate anastomosis of the upper and 
lower segments of the esophagus is desirable and should gi's-e the best 
results once a technique will ensure success.*'' Ordinarily, an anastomo- 
sis can be done without extemsive freeing of either the proximal or 
distal segments of the esophagus if the segments are not separated by 
more than 2 cm. It should be noted, however, that the distal segment 
of the esophagus together with surrounding connective tissue can be 
liberated even to the freeing of the cardiac portion of stomach and 
esophagus at the diaphragm. Such a procedure’ would permit the 
eardia to be brought up above the diaijhragm with a resulting relaxa- 
tion which would pennit a direct end-to-end esophageal anastomosis 
where the gap betwceii the ui>per and loiver segments e.xceeds 2 em. 
In this instance a ti'a?ispleural approach is required for sufficient 


exposure. 

The following procedure is outlined because it gives promise of 
eventual success. After the insertion of a No. 14 French soft rubber 
catheter into the upper segment of the esophagus, the patient is placed 
in the prone position with the right arm extended over the head. Be- 
cause of the danger of inadvertently oiiening the pleura with collapse 
of the lung, provision must be made to administer the anesthetic under 
pressure. During prevoius fluoroscopic examination a paper clip is 
fixed over the right fifth rib posteriorly under a strip of adhesive. 
When the skin is prepared, the metal clip is removed, and its impres- 


sion on the skin marks the level of the fifth rib accurately. The in- 
cision begins at the level of the second rib, extends downward just to 
the right of the midliue to the level of the fifth I'ib to turn laterally 
alono- the lower border of the scapula, and is carried outward to the 
sterior axillaiy line. Two inches of the fourth rib ai'e excised sub- 
^ riosteally extending outward from the tz-ansverse process. The thii-d 
^^^d fifth and occasional^' the second and sixth, ribs are transected 


” „ of this mamiscrlpt. an excellent article bj- HalBlit and Tow- 

•Since the PryPy*'';;",, successful cure of trachco-e.sophaKcal llstula by iinmcdl.'ite 
sley” announced the instance, true prluiary liealliif; ahl not occur. 


Sigarneventoa successfully 

fistula. 
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close to the transverse processes. The pleura is exposed by a T-shaped 
incision extending outward just superior to the fourth rib and includ- 
ing the section of the third, fourth, and fifth intercostal muscle bun- 
(lle.s, nerves, and blood vessels as near the transverse proce.sses as 
possible. 



J'ip, 2. — IIIu«tnit{nt: the c Uh# t* i ‘-howinir tJuouch thr mil of tlir upper ‘*opmcnt of 
e‘-op)i lou<i nt of (he < *.oplniru'- In i ^ultahh for irumediato 

V, ^ HI lit" •'*> • * i(h«t»r Th' i)r«‘‘fncf t*f the cilhetcr aids 
hi the J.h nthk ition of (»>< mpim i -• u n* nt Th« v« in h is h« en dJ\i(le(l 

Tile ()j)c‘i.i(<)r the iiK ib.isiimiiii In stayiiiL' close to the verte- 

bial coliinin and caitlnllv inislime aside the pleura 'I'he horizontal 
poition of the azs iios \(iii nlieie it ciosses nlnne the bifurcation of 
the trachea to pun tin siiiieiioi vena ea\a. is the first prominent 
stluctuie (lieountind Tins xissil slmuhl be div ided to give a direct 
■itMUo.ieh 1(1 the esoph.ieus at a lev<l just supeiioi to the eariua (’aie- 
ful (bssietion oi tin niinn<ii.ii< aieotar tissue will uncover the esopha- 
"'is. It at this point tin .UK silii list will push ou tin' catheter, its tip 
leadily ideiilllied (iKnnbd tlie upiiei stenK.iii is Mifiieielitly long to 






LIGATUF^i.CiJN 
TRACHTA 
TRACHtIO 
ESOPi-IACE 
FI6Ti..'LA 


» *1,^ .Timprlintp anastomosis of the esophageal soemwts 
„ „ 3 _A demonstiation i, as been introcUicecl into the stomacli Tlie 

,ef In indwelling cathete than tl>at of the esophagus 

■^eSlain^ge secretions. 

• + wh to permit clii-ect anastomosis of the segment. The 

egment is ^ of the esophagus cannot be anastomosed if 

ipper and lowe « ^ cm. without extensive freeing 

;he ends are sep< tracheo-esophagenl fistula is identified, 

)f the distal .• cent to the trachea. If an immediate anas- 

isolated, and ‘ i t^l segment of the esophagus is divided, as 

tomosis is possible, tne ^ possible. If, however, an anas- 

.ear the tracheo-esopna. 
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tomosis is impossible, the esophagus is doubly ligated and divided 
between the ligatures, and the fii’st stage operatioji is complete. 

For immediate anastomosis, minimum lengths of the upper and lower 
segments of the esophagus are freed. The end of the upper segment is 
fixed with a traction suture and opened, the catheter is directed into 
the lower segment and pushed down to enter the stomach, and the 
esophagus is anastomosed over the catheter, using four simple inter- 
rupted sutures. 



^ I, ,v f;cliomntic ilcinon.-.tnitlon <i[ Uie raUictur In placo DcnnlttlnK fwOlnK UurliiK 
the immodhiie j)OMoporatU<' 


After it lias been determined fliat the })Ieurn has not been nceiden- 
bdl.v damaged and fliat air ha.s not entered tlie pleural space, the 
"oiiiid is lightly pon dered u ith sterile .sulfanilamide and closed. A 
''"uple ruhlier tissue dvaUi cstends into the depths of the wound. 


^^ilh a tube in the .stomach, the infant eati he fed immediately ami 
■'should he given its formula in small amounts each hour. The tube is 
h‘ft open between feeding.s. The patient is turned frequently and the 
'rad is kept lowered ami turned to one side, .‘'ulfadiazine should he 
t’Uen iiefoiv operation and tlii.s tlierapy should be eonlimicil post- 
nperalively as a safeguard against pneumonia. 
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CASE REPORT 

J\r. .T; an l]-day-ol(l female infant, -n-as admitted to the Johns Hopkins Hospital 
on I'eb. 20, 1942, witli a (ypiesil storj- of esopliageal atresia. For eleven days the 
infant liad been fed at regular intervals with disregard of the attacks of cough- 
ing and cyanosis with regurgitation of fluids taken by mouth. An x-ray examina- 
tion with a catheter in the esophagus showed an obstruction opposite the level 
of the fourth rib and gas in the gastrointestinal tract. The lung fields showed 
x-raj' evidence of extensive pneumonic consolidation. The patient was extrenielv 
dehydrated and cyanotic. Because of her poor condition she was given intra- 
venous and subcutaneous fluids and sulfadiazine for 36 hours before operation 
w'as undertaken. 

Operation was performed through a posterior, extrapleural approach; about 
two inches of the fourth and fifth ribs were resected, and the third and sixth 
ribs were cut near the transverse processes. The exposure was adequate. Tlie 
catheter in the upper segment served as an excellent guide to both upper and 
lower segments of the esophagus. The tracheo-esophageal fistula, located just 
above the bifurcation of the trachea, was i.solated, ligated, and divided. About 
1 cm. of each esophageal segment was freed, the upper segment transfixed ■with a 
traction suture and opened, the indwelling catheter passed down the lower 
esophageal segment into the stomach, and the esophagus anastomosed over the 
catheter, four simple interrupted silk sutures being used. About Gm. of sterile 
sulfanilamide powder was sprinkled into the depths of the -n-ound, the mediasti- 
num was drained with a small piece of rubber tissue, and the -wound closed with 
fine silk. The position of the catheter in the stomach was checked by fluoroscopy. 

Twelve hours after operation the feeding formula was started by means of the 
indwelling tube in small amounts each hour. All fluids and medications were 
administered through the catheter and -were well tolerated. 

The infant, although kept in an oxygen tent, continued to be cyanotic and 
died on the fifth post-operative day. The heart continued to beat for some time 
after respiration ceased. At autopsy it rvas found that a pleural etfusion had 
partially collapsed the right lung. Tlie left lower lung was involved in a grayish 
consolidation. The operative field was clean and diy. The esophageal anastomosis 
was intact, the esophagus appeared normal with a good blood supply, and the 
anastomosing sutures showed no evidence of tension. The ductus arteriosus was 
open and about 2 mm. across, and the pericardial cavity contained about 50 c.c. 
of straw colored fiuid. 

DISCU.'^SIOX 


During the past year I have treated four patients with congenital 
atresia of the esophagus witli traelieo-esopltageal fistula, all of Type TUB, 
Pig 1. One of these patients had, in addition, an atresia ot the rectum. 
One instance Avas the ease herein repotted, in Avhich it Avas possible to 
perform a primary anastomosis over a tube. 

In this operathm procedure a successful anastomosis over a cathetei- 
lid restore the patient to an essentially noi'inal condition by a single 
f The catheter extending into the .stomach Avould permit im- 
operation. contribute much to a successful outcome, 

mediate ieeciiii^, ^ , r. • r ? 

that a tube in the stomach of an infant induces 

It mus e n induce regurgitation. It i.s, therefore, host 

a pylorospasm < , o-astrostomv in any case before the traehco- 

not to perform a M hzw » 
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esophageal fistula has been closed. In the event a gastro.stomy is sub- 
sequently necessary, the tube .should extend beyond the pylorus. A 
few days after the closure of the fistula and establishment of continuity 
of the esophagus, a gastro.stonij’ may be indicated because it udll per- 
mit the distal end of the indu-elling catheter in the esophagus to be 
brought to the outside. A braided silk thread can be tied into the 
proximal end of the catheter, the catheter drawn distally so that its 
proximal opening lies in the esophagus .superior to the anastomosis to 
drain .saliva and mucus, and the catheter eventually withdramr dis- 
tally to leave a silk thread in the esophagus to facilitate subsequent 
dilatation of the .stricture which will prol)ably occur at the site of the 

ana.stomosis. 

Levon,' Peyton, “ and Wangeiisteeip- found that infants do not tol- 
erate well an indwelling catheter whether it be brought out of the 
mouth or introduced as a nasal tube. T!)e presence of the tube 2 n'e- 
disposes to otitis media. Sulfonamide therapy during this period 
might well tirevent the development of an otitis media, and the com- 
bined use of an indwelling catheter and .sulfonamide therapy is worthy 
of a trial in a condition demanding heroic procedure. 

A review of past attempts to eon-eel esopliageal atresia indicates 
that if the upper and lower segments of the esophagus cannot be 
.ioined by direct anastomosis, the first procedure on a palicnt with 
a traehco-esophageal fistula of Types IIL/l and IIIC should he a direct 
attack to sever the connection between the distal esophagus and the 
trachea and thereby prevent regurgitation and flooding of the lungs 
"’ith .secretions from the staiuach. In the presence of esophageal 
ntre.sia with a traelieo-csophagcal fi.stuia, aspiration may occur from 
the aceuinulatioii of saliva and fluids given by inmith or from the 
regurgitation of stomach coutenls. Of these po.ssihilitic.s. Hint of re- 
gurgitation seems tlic most serious ami con.scciuciitly the patient’s 
bead .should not be placcil <lcpemlcnt before the fistulous ojicuing is 
closed. After tlie nimormal communieatiou has been closed, then the 
head can and should he dependent l<> permit better drainage of .saliva 
and mucus. T)ic accumulated mucus should he asiuratecl frequently. 
Congenital esophageal atresia should he considered a ooiidifioii de- 
nianding imniediatc siii-gical Ireatnu-nt. 

Pinal .success in the em-reet ion of this anomaly Acill largely depend 
ni)on early diagiiosis and operation before i)m'ninonic asi)ii-ation and 
"ifeetion have oeeiiired. The obsietrieiaii and pediatrician can do 
niueh ill this solution by early di-finitive <!iagnosis without introducing 
•biid radiopaque media into llu* upper e.sophagenl segment to be pns- 
sihly aspirated subsequently. 

sr.M.M.lKV 

A imssible ojierative attai-k on emigetiital traeheoesophageal fistula 
m outlined. 
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EXPERIMENTAL STUDIES ON ALIMENTARY AZ0TE:\IIA 
IV. Role of the LmsK Kidxey.s 

Henry N. Harkins, IM.D., Ph.D.. Donald H. Hooker,^' ^I.D., 

Robert T. Boals,'' M.S., M.D., Brock E. Brush, il.S., M.D., and 
C. Frank Chunn,*^ il.S., M.D., Detroit, JIich. 

(From the Division of General Surgery, Henry Ford Hospital, Detroit) 

TN THE three previous papers'- = of this serie.s, tlie following facts 
^ were demonstrated: (1) The increase in blood urea nitrogen asso- 
ciated with the presence of blood in the intestinal tract is in laige pait 
due to the absorption of the blood. (2) Tbe protein in the blood, and 
especially that in the red cell fraction, more or less (]uantitativel\ ac- 
counts for the degree of the azotemia. (3) Azotemia results to a much 
greater degree when the blood is in the upper than in the lonei inte.s- 
tinal tract. 

The present study of this syndrome considers the amount of azotemia 
which occurs in experimental animals with impaired hepatic circulation 
following the ingestion of blood. For this jnirjiose lour set.s of experi- 
mental preparations were used. In all instances, dogs were utilized. 
The four preparations included: (1) animals with an Lck fistula (poital 
vein ligated and the portal circulation shunted into tlie infeiioi ^cna 
cava), (2) animals with a reverse Eek fistula (inferior vena cava 
ligated and its blood shunted into the portal vein so that all blood from 
the lower half of the iiody goes througli the liver), (3) animals witli 
both the portal vein and interior vena cava ligated (tluis leinc.scnting 
the condition after the second stage ol a three-stage he])ateetom,\ , a 
reverse Ech fistula being made at the first stage and sevenil weeks later 
the portal vein being ligated), and (4) animals after total hepateelomy. 

.VNIMAI~S WITH ECK ULsTULA 

The blood urea nitrogen levels were observed following the administra- 
tion of whole Iilood or red blood cells by stomach tube in standard doses 
as do.seribed in the previous articles in this .series. In five such experi- 
ments, there was in-aetieally no elevation in blood ure;i nitrogen. ty]iieal 
results being .shonn in Figs, ], 2. and 3. 


'Sow on nctivc lUils’ with tin- .\rmi-il Uoro’s of tin t’nlti'd Sl.-il, «. 
Ilrr, KiU for iiiihKr.itloli. J11I5 Vfi. 151-1 
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ANIJIALS ^VITII REVERSE ECK FISTULA 

Similar doses of wiiole blood or of red blood cells were given to eight 
dogs with reverse Eck fistulas. In all instances a definite rise in blood 
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CHART SHOWING THE RELATIVE AMOUNT OF ALIMENTARY 
AZOTEMIA AFTER RED BLOOD CELL INJECTION IN ECK 
FISTULA AND REV.ERSE ECK 
FISTULA DOGS. / \ 
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1. — AHnientary azoteinfa in a dog: with Eck fistula (below) and with reverse 
Eck fistula (above). 
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urea nitrogen resulted as sliown in three ty])ieal experiments in Figs. 
1 , 2, and 3. In one otlier experiment not sho%vn in the figures, tlie blood 
urea nitrogen rose from 11 to 46 mg. per cent. In four of the dogs 
with reverse Eek fistulas, the rise was classified as moderate (see Figs. 
2 and 3), and in the four others it was classified as marked (see Fig. 
1). In all cases the increase was much greater tlian that occurring in 
the animals with Eek fistulas. Also, in every instance it was as marked 
as that occurring in normal dogs and. in several cases, was definitely 
more than would be expected in normal dogs. 



Fig". 2. — The same n** Fjj?. 2. 


AMMAI^S WITH I50TH FOFITAL YIIIX AND VHXA CAVA LKJATKD 

In two sueli animals, after the administration of red blood cells by 
stomach tube, a moderate rise in blood urea nitrogen occurred as shoun 
in Fig. 4. Tliis rise was rougiily iwoportionate to that occurring in nor- 
mal animals, ami while Ic.ss than that resulting in most of the dogs with 
reverse Fck fistulas, it was far more than that noted in any of the 
dogs with Kck fi.stula.s. 


1 1 r.i’ATiaro.M ized a.nt.ma i..s 

Hed blood cells were given by diiodenostomy tube to five dogs following 
total hepatcctomy. In no instance was there a marked rise in the blood 
urea nitrogen. In one experiment shown in Fig. .'i, tin' level fell slightlv 
at first atid rose terminall.v. In another expei-iment not illustrated, the 
level fell slightl.\’ until .just before death and then dropjied to 2 mg. jier 
Cent just at the lime of dealli. The residls in the other three experi- 
ments ;nc dcnionstrateil in Fig l>: in one n(» elninge; in two a definite 

dciTC.-lsC. 
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The method ot performing llie urea analyses was described in the 
first article of this seriesd It is essentially that of Van Slyke and Cullen. 
While check readings on the same sample of blood were usually accurate 
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CHART SHOWING MODERATE ALIMENTARY AZOTEMIA 
AFTER RED CELL INJECTION IN DOGS WITH BOTH 
PORTAL VEIN AND VENA CAVA LIGATED 
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CHART SHOWING the emcrs of red blood cell 
administration on blood urea fJlTROGEN and 
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an experimental error rather than evidence of lilood urea formation in 
the absence of the liver. 

Associated ProtJvomhin Levels . — While the decrease in plasma pro- 
thrombin follmving hepatectomy has been observed before, this observa- 



CHART DEMONSTRATING DECREASE IN 
PLASMA prothrombin IN FIVE 
HEPATECTOMIZED DOGS 
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tion has l)ccn io(Hu-ti‘(l m (he literature -o little as to deserve re-etnpliasis 
beie. In P'jjr. 7^ fj,]] n, jirothroinbiii level in all five dogs is demon- 
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-twiria/rf/ Uhc in Uhmd .\'oniii ntt in Xilnniai Lrirh. — In (^so nni- 
’ ' — ' -.els exhibited a definite rise as shown 
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m Fig. 6. It is of especial interest that these two dogs siiowed the most 
steady decrease in blood urea nitrogen, demonstrating tlie lack of paral- 
lelism between the changes in these two nitrogenoiis compounds in tliese 
experiments. 


BRIEF NOTE ON BOLE OF KIDNEYS IN ALIMENTARY AZOTEMLI 

Our observations in this regard are too scant to warrant other than 
a brief note at this time, especially since only one aspect of the subject 
is touched upon. Two dogs with kidney damage produced from roentgen 
rays by the method of Hartman were used.^' Red blood cells ivere ad- 
ministered by stomach tube, and in lioth animals a rise in blood urea 
nitrogen occurred. This rise was relativel.y of about the same extent 
as that occurring in normal dogs, but was characterized by two differ- 
ences; (1) It tended to be more prolonged, and (2) it started from a 
higher base line (about 40 to 50 mg. per cent). 

COMMENT 

The study of increased blood urea nitrogen following the introduction 
of blood into the intestinal tract is not only of academic but of practical 
interest. In the treatment of bleeding peptic ulcer the condition is also 
of importance. In a ease where one is in doubt as to whether or not to 
operate, an increased blood urea due to renal or hepatic involvement 
might influence the decision far more than an elevation due to absorp- 
tion of digested blood. . It ivas because of this manifest difference in the 
importance of the syndrome depending on its cause tliat we started 
the present studies. 

The name azotemia has been applied to this s.vndrome since San- 
guinetti's description-* in 1934. This word denotes the presence of urea 
or of other nitrogenous bodies in tlic Ijlood in abnormal amounts. Argu- 
ing from analogy to the commonl.v used term “alimentary hypergly- 
cemia,” it seems logical that the urea s.vndrome be termed “alimentary 
azotemia.” The mechanism in both is the same, and the adjective differ- 
entiates both conditions from similar ones of different causation. Use 
of the designation ‘ ‘ extrarenal azotemia ’ ’ is not definitive enough. ‘ ‘ Ali- 
mentary azotemia” means the azotemia due to ingestion of excessive pro- 
teins. In bleeding peptic ulcer it is probable that a large share of the 
resultant azotemia is alimentary azotemia due to ingestion of blood 
proteins; part of it may be due to other types of extrarenal azotemia, 
while in' some instances actual renal azotemia maj- be a contributory 

factor. 

SUJIMAKY AND CONCLL'SION.S 

1 The degree of alimentary azotemia (a.s evidenced by a ri.se in blood 
2 itTO"cn) resulting from the admini.sl ration of blood elements b.v 
TomaehTube is altered by certain experimental manipulations on the 

circvilation of the liver. 

..r.nUcd to U.S llirotipli tlio courlo.-O' of Ur. F. V, Uortninn. 

•Tliese flops were 
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2. More specifically, the amount of elevation in the blood urea nitrogen 
level following the ingestion of whole blood or blood cells is greatest in 
animals with reverse Eek fistulas, is moderate in animals Avith both 
portal vein and vena cava ligated or in normal animals, and is inappre- 
ciable in animals with Eck fistulas or in those in Avhich total hepatectomy 
has been done. 
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CLINICAL STUDY OF EELATIVE EFFICIENCY FOR NITROGEN 
j\IETABOLISjM of CASEIN DIGEST ADIMINISTEEED 
INTRAVENOUSLY AND PROTEIN 
INGESTED BY MOUTH* 

Alexander Brunschwig, JI.D., and Nancy Corbin, jM.S., Chicago, III. 

CFrojii Ihe Deparimeni of Surgery, The Vniversity of Chicago) 


IT HAS been repeatedly demonstrated that casein digests may be 
1 administered intraA-enously with safety to man, and that by such 
means a negative nitrogen balance may be reduced, a nitrogen equilib- 
rium maintained, and even a positive nitrogen balance obtained. The 
question of the efficiency in metabolism of nitrogen administered in- 
travenously as a casein digest, as compared to its ingestion as protein 
by mouth, presents itself. For such study a group of postoperative 
patients who had undergone a varietj’’ of major intra-abdominal pro- 
cedures were placed on nitrogen balance studies beginning the day 
after operation. Urine and feces were collected and total nitrogen loss 
determined, to be compared with nitrogen intake during each twenty- 
four hour period. During the initial period casein digest (Amigen) 
was administered daily together with dextrose. After four to six days, 
nitrogen balance studies continuing, a light diet was permitted by 
mouth, the dail.y protein content of which represented a quantity of 
nitrogen equivalent to the amount previously administered daily by 
vein as casein digest. The total calorie value of the diet by moulh 
(which included a small quantity of fat) was equivalent to the calorie 
value of the casein digest with glucose administered by vein. The cal- 
culated total caloric intakes usually varied from 780 to 1,200 calories. 

Ill the interest of brevity the details of the total eaJoi'ic intakes of 
each of the patients are not presented, suffice it to state again that for 


each individual patient these conditions were approximately uniform 
during the periods of parenteral nutrition and during the subsequent 
periods of nourishment by mouth. In a few instances the patients did 
not consume all of the diet on the first or second day when feeding 
by mouth was permitted. The nitrogen balances on such days, thei'c- 
fore, were not considered in the study; only those days where tiie full 
diet was consumed are taken into account. 

The results of the nitrogen metabolism studies under these conditions 
.ve summarized in Table 1. The patients presented are a selected group 
1 nvc those in whom the postoperative coui-se was e.sscntialiy imevenf- 
1 xcept for slightly elevated tcmitcratures on the first (wo or (lirec 

, Kmnt from SI<“iul John.'-on & Coine.my. Evnn-.- 

•TliN sttuly was concUictcd 

eu.UcaUon. Au. m. 
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Table I 


Co.MPARisox or Nitrogex Balance in PosTOPEKATn’E Patients During Period of 
X^itbogen Nutrition bv Vein (Casein Dioest-Amigen) AVith Period of 
Protein Nutrition by JIoutii 


PATIENT 

PERIOD or IXTRAVEKOrS INJECTIONS 
OF CASEIN DIGEST 

PERIOD OF NITROGEN INGESTION BY 
MOUTH AS FOOD PROTEIN 

NO. 

OF 

DAYS 

TOTAL N 

INTAKE 

(GM.) 

TOTAL N 

EXCRE- 

TION 

(G.V.) 

AVERAGE 
DAILY N 
BALANCE 
(GM,) 

NO. 

OF 

DAYS 

. 

TOTAL N 
INTAKE 
(GM.) 


■ 

I (L.) 

5 

75.00 

76.00 

-0.20 



56.56 

+0.86 

it (L.) 

0 

75.00 





43.40 

+6.72 

Ill (F.)* 

4 

60.00 

61.94 

MW 


28.80 

27.00 

+0.45 

yy (K.) 


72.00 

94 67 

-3.72 

6 


62.14 

+1.64 

V (W.) 


60.00 

68.37 

-2.09 


60.80 

61.85 

-0.26 

VI (C.) 


45.75 

4S.70 

-0.59 



44.50 

-0.70 

A^I (D.) 


24.00 

2S.40 

-1.10 


23.20 

31.00 

9 

VIII (L.) 


75.00 

74.22 

-0.16 

5 

75.00 

49.21 

+5.16 

IX (H.) 

5 

36.00 

32..34 

+0.73 

5 

23.60 

21.2 

+0.48 


5 

15.00 

66.16 

-10.23 

5 

13.00 

50.34 

-7.47 


5 

30.00 

58.7 

— O. / "i 

5 

26.28 

40.74 

-2.S9 

XII (Jt.) 

4 

4S.00 

46.88 

+0.48 

5 

55.60 

60.00 

-0.8S 


•Total grastrectomy for carcinoma. 


days postoperatively. This selection ivas necessary since ivheie severe 
nausea and vomiting occur the nitrogen excretion might be inordiuantly 
high; also, patients ivith moderate to high febrile reactions excrete rela- 
tively large quantities of nitrogen. 

DISCUSSION 

Among the twelve patients studied, three (II, IX. and XII) exhibited 
positive nitrogen balances during the injection period and in one (III 
the po.sitive balance v'as substantially greater when nitrogen was in- 
gested bj' mouth as protein. In Patient IX the positive balance was less, 
during the period of oral feeding but the total nitrogen intake was less 
than it u'as by vein. In Patient XII there was a slightly negative nitro- 
gen lialanee on oral feeding as compared to a slightly positive nitrogen 
balance during the injection period. 

In two patients (I and VIII) nitrogen equililirium obtained during 
the injection period with slight positive balance in Patient I on oral feed- 
Bigs, and markedly positive nitrogen balance in Patient VIII during 
this period. 

In two patients (III and VI) there \vas slight negative balance during 
the injection period, ivitli slight positive nitzogen balance and nitrogen 
equilihriuin, rcspeetivel.v, during the periods of oral feeding. 

Two patients (V and VII) wore in moderate negative nitrogen balance 
during the injection periods, and during the periods of oral feediim 
one (V) eame into moderate positive nitrogen balance, wliilo the other 
(VII) exhibited a gi’cater negative balance. 

Throe ])aticnt.s exhibited rather pronounced negative nitiogen balances 
'hiring the injection pei-iod (IV. X, XI), and diiilng thc'an-al feeding 
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period one (IV) was in moderate positive nitrogen balance, the second 
(A.) remained in pronounced negative balance although less than dur- 
ing the injection period, and the third (XI) exhibited moderate nega- 
tive balance, the total nitrogen intake, however, being appreciably less 
than tliat obtained during the injections. 

It is noted that there was considerable variation in the results observed 
when comparing nitrogen balance during periods of nitrogen adminis- 
tration by vein as casein digest with periods when nitrogen was ingested 
orally as food protein. In most instances, however, the differences in 
the two periods were not pronounced. In the preceding patients the 
conditions of the experimental observations themselves favored a more 
pronounced negative nitrogen balance during the period which immedi- 
ately followed operation and was the period during which injections of 
casein digest were carried out. Previously reported studies’ on post- 
operative nitrogen loss have shown that tliis loss is much more pro- 
nounced during the first five days after operation. Thus, it could hardly 
be anticipated that nitrogen balance would be as favorable, under tlie 
aforementioned conditions of obseiwations during the injection periods 
as during the periods of oral feedings. That the differences were, in 
general, not greater in favor of the efficiency of nitrogen metabolism 
when nitrogen was administered as food protein by mouth, attests to the 
efficacy of intravenous nitrogenous nutrition with casein digest. 

It might appear superfluous in view of tlie classical biochemical and 
phj'siologieal teachings to demonstrate that intravenous nitrogenous 
nutrition by injection of amino acids (casein digest) approaches the 
efficienej’’ of nitrogen utilization Avhen taken by moutli as protein. How- 
ever, until such studies Avere actually made in man and animals (the lat- 
ter having been preA'iousIy reported by others), the question of the ex- 
istence of some unknown and important factor concerned AAntli nitrogen 
assimilation and utilization in the Avail of the alimentary tract could not 
be settled. It thus appeals that siieli a factor does not exist. 

SUMMAKY 

Data are presented to indicate that the efficiency in utilization of 
nitrogen administered intraAmnously as casein digest in man closely ap- 
proaches the efficiency of utilization of nitrogen Avhen ingested orally 
as food protein. The conditions of the clinical e.vperiments recordeil 
here faAmred, in themselves, a greater loss of nitrogen during the j)eriod>, 

• which the digest AA-as administered, as compared Avith the periods in 
the same patienrwhen nitrogen Avas ingested as food protein. 

KEFEKKX'CK 

\ TKrk D. E. .m<I Corbin, K.: Postopcrntivi' XitroftPii Eo.-s .oml 
1. Bninscluyig, ‘ Xitroceii Xiitritioii by Aro.aiip of C:i«ein DigP'it, Anu. 
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VARICOSE VEINS 


A New Technique Resulting in the Rapid Obliteration op the 
Venous Channels 'Without the Porhation op the 
Usual Large Thrombi 

Maunsel B. Pearce, Camp Claiborne, La. 

(From the Department of Surgery, Station Hospital, Camp Claiiorne) 

P AST experiences in the management of the varicose veins in patients 
have created a desire to find some procedure that ivould give rapid 
complete obliteration of all venous channels without the usual large 
thrombi fomiation. Ligation and injection at the fossa ovalis in the 
usual manner resulted in incomplete thrombosis and large thrombi. 
Recurrences appeared in many cases. The following discourse is based 
upon a new compression bandage technique with the ligation of all the 
branches of the saphenous vein and the saphenous vein itself at the 
fossa ovalis together with low ligation and injection of the saphenous 
vein only at the low level. 

Between October, 1942, and Slay 15, 1943, 299 patients have been 
observed. Disposition was recommended according to Table I. 

One hundred forty-one patients have been operated upon, and of these, 
405 eases have been carefully followed. 

The incidence of varicose veins according to age and sex is shown in 
Table II. 

Anatomically there are three systems of veins in the thigh and leg, 
namely, the internal or long saphenous, the external or short saphenous, 
and the femoral or deep venous system. In reference to varicosities 
there is a fourth gi-oup which cannot be ignored. This group of vems 
we call the subcutaneous veins, made up of segmental reins wdiieh may 


Tabix I 



PATIENTS 1 

PER CENT 

Rpclas'-ification without treatment because of other 

5 

1.7 

defects 



^^0 treatment needed 

31 1 

10.4 

Certificate of disahilitv for discharge because of 

5 

1.7 

Other diseases 



Injection treatment only > 

59 

19.7 

Advised to seek separation from service W.D. Uir. 
K'o. 397 ! 

37 

12.3 

Operation advised 

102 

54.2 

Total 

299 

lon.o 


... *"'Ar Department authorizing; discharBe ot inductees above 3S years of age who 
"ere engaged in essential uar industries prior to induction. 


•-Major. U. S. Army. 

Rceeivod for publication. Aug. fl. 1913. 
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AGES 


Between 19 and 20 
Between 21 and 25 
Between 20 and 30 
Between 31 and 35 
Between 30 and 40 
Between 41 and 45 
Between 40 and 50 


Total 


Table II 


PATIENTS 


2 

24 

35 

24 

10 

9 

1 


105 


PER CENT 


1.9 

22.80 

33.33 

22,80 

9.52 

8.59 

0.95 


100.0 


2 

24 

34 

24 

10 

9 

1 


104 


0 

0 

1 

0 

0 

0 

0 


asthma! Psychoneurosis and the other because of severe bronchial 


comniuiiicate with the long saphenous .system at ditferent 2)oints or may 
communicate in segmental fashion between tlie superficial branches of 
the long and short saphenous systems. The important point is that upon 
complete obliteration of tbe circulation in the long and short saplienous 
systems of the patient ivitli varicose veins, tliese segmental subcutaneous 
channels witli their varicosities maj’’ persist and vice versa. 

These segmental subcutaneous varicose veins, however, are most 
amenable to injection treatment alone, because they communicate only 
indirectly ivith the main saphenous systems and are not a direct part 
of these systems jier se. 

Injections of sclerosing fluid into the varicosities of either tJie long 
saphenous or short saphenous sj'stem without ligation are almost sure 
to result in poor i-esponse or complete failure. 

Mild varicosities of the internal or external saphenous .system ])er se 
need no treatment and cause no .symptoms. Appearance is the onl.i 
indication of their presence. Hoivever, even mild varicosities of the 
subcutaneous group may juuduce sensatioms of prickling, discoloration, 
and even pain by forming small thrombi. Injection alone will secure 
excellent results in this small group, but will not eradicate the vari- 
cosities of the internal and external saphenous .system. 

Varicosities that are large, tortuous, eefatie, and producing symptoms 
of fullness in the veins and legs, leg fatigue, ci-amps in muscles, thrombi 
in segments, pains and cramps during or following long marches or upon 
standing at attention for long intervals, discoloration of the skin with 
suspected or impending ulceration, should he treated by active surgical 
and injection procedures. 

Table III illustrates the incidence of vai-icositics according to legs 
involved. 

Table III 



Kiglit leg 
Left leg 

Bilateral 

Unilateral 
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Table IV illustrates the incidence of varicosities according to sj’s- 
tems. 


Table IV 



PATIENTS 

PER PENT 

Internal saphenous imilaterallv 

69 

65. 7 

Internal saphenous bilaterally 1 

36 

34.4 

Internal plus external .saphenous 

16 

15.2 

External saphenous only 

4 

3.8 

Subcutaneous veins needing injection 

26 

24.7 


The treatment of choice is one that will give complete thrombosis with 
elimination of the circulation throughout all varicosities, and is of such 
a nature that it is without untoward eifeets. 

Another important point in treatment, espeeiallj' in this group, is to 
accomplish the complete obliteration of the varicosities in the shortest 
time to be consistent with saving man power for the fullest expression 
of the war effort. Every soldier with varicosities producing sj-miitoms 
that warrant operative intervention is potentially a candidate for I'e- 
elassifieation to limited service or for a certificate of disability for dis- 
charge. Table V shows the ultimate disposition of cases in which op- 
eration was done. 

Table V 



PATIENTS 

1 PER CENT 

Reclassified to limited service 

17 


Returned to full duty 

122 


^Certificate of disabilitv for discharge 

2 


Total j 

141 

1 100.00 


•One on the basis of psychoneurosis and the other because of severe bronchial 
asthma. 


The following procedure has been used uniformly in 141 patients 
vuth sustained excellent primal^- results, and uithout untoward effects. 

A careful history is taken as to symptoms, duration, previous serious 
illnesses or operations, attacks of pain or swelling of the legs, with or 
without edema, and previous treatment, if an.v. One patient had as 
many as eighteen in.iections into the main saphenous .s.ystems without 
impi-ovement. 

To establish evidence of whether the varicosities are in the internal 
or external saphenous system per sc or are of tlie subcutaneous type, 
or to establish evidence of adequate deep circulation without segmental 
or extensive thrombophlebitis these steps are taken with the patient 
standing, bearing equal weight on both feet: observation, palpation, 
percussion of venous channels, percussion of venous channels along with 
palpation, the application of continuous point pressure over venous 
channels with leg elevated and then with patient .standing ; the Och.snor- 
^lahorner' various level, comparative tourniquet to.st; and the Trendelen- 
burg-Brodie test. 













If (Ih- saplifiioiis s\sl..m K ;it iinilntcially or i.ilalcrnlly. 

tl.c saphriioiis xrii, „u.rl:,.,l -I rrnt umlia.i violet in.med’i- 
ntely (.ver llie fossa o\„iis aiul airaiii over il„. lou-er l.ai!: sai.henous 
vein iti the Ihiuli, jiisl aliove the hiii e as .shoMvi (Fit'. I). If the slioit 
.saphfnoiis \eiii is to !)e li-jafeil or if a s, ^mental vein is to he liL-aled and 
iiiji'eled, it is niarlad in like nianiier. If the jtalienl is .seliednlcd for 
operation, the ley is .shave<l widely aioiirui the operative sites the ni"iit 
helore. He e.als hiealclast as nsinil the folhnvintr iiiorniti", atid no jjre- 
liiniiiaiy sedalion is used heeaiise fhe>'- patie;its Tnnsl yet np and walk 
)>ostoj)eratively fioin the ojieialiny fahle to the streteher, a distance of 
at least liitten leel, l)eeanse early and contiiinoiis a'alkiny obviates 
saplienoiis vein stnia|i thioinhrisis. 




Vic. 1. — The loc Is slio^\n iiiaiKsd witli frcntiaii \iolet over the internal snplienous 
sehiTit the fossi OMIII.S anJ at the loner thirh; nrapped ivith Uie rubber bandase 
and In position on the operntinp table. 

Upon beiny ])laeed on the oiieratiiiy table, the ley is held up in nearly 
Iierjiendicular position, and all varicosities emptied of blood as com- 
jiletely as ])ossible. Itltissage from the foot toward the body is used if 
necessary to collapse them. While the leg i-emains in an elevated po- 
sition, a'compre-ssion bandage 2 inches wide and 12 feet long of the ace 
tvTie or better a pure, all rubber bandage (Davol) 2t4 inches wide and 
19 feet lon<^ is snugly wa-apped from foot to laiee, the end being tucked 
under the hist turn so that it can be easily released. Ajiother bandage 
is begun .inst above the operative site on the lower thigh and is carried 

to the oioin. operating table with the knee elevated 

mi' a sandbag as shoivn (Fig. 1). The groin and unwrapped 
slIghtl.^ on . - tincture of iodine. The iodine is thoroughly 

thigh area are paniicu 
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dried bj' fanning vith a towel liefore the leg is draped. The gentian 
violet marks are still plainly visible as the iodine does not remove them. 

The line of incision through the skin and parallel to the fold in the 
groin as previously marked is inflated with 5 c.c. of 1 per cent novocain 
using a small hj'podermie needle. Ten cubic centimeter.s of 1 per cent 
novocain are infiltrated through a No. 22 gauge three-inch needle into 
the subcutaneous tissue and injected toward the incoming nerves above. 
Five cubic centimetei'S of 1 per cent novocain are deposited directly' 
over the femoral artery and vein. "Withdrawal of the plunger before 
injection of novocain precludes possible introduction into blood vessels. 
This area is then massaged with a dry sponge to cause better diffusion 
of the anesthetic solution. 

An incision of 11/^ to 2 inches in length, parallel to the skin fold, is 
made just through the skin. Bj- careful dissection the superficial tissues 
are separated and the saphenous vein with all of its branches is dis- 
sected and identified. The branches are doubly ligated with cotton and 
severed between the ligatures. Four ligatures of cotton are placed on 
the saphenous vein, the uppermost one being above the pudendal branch 
and tlie two lower ones as far distal as possible. The smallest size cotton 
thread adequate for ligation of the vessels concerned should be used. No. 
40, 30, 20, and 8 cotton have been employed. The section of vein in 
between is removed; the superficial fascia closed with interrupted su- 
tures of No. 50 cotton and the skin with interrupted sutures of No. 20 
or No. 8 cotton. 

In no patient is sclerosing fluid injected at the upper thigh level at 
the time of operation. Thrombosis occurs in these segments in almost 
every instance. If thrombosis has not occurred mthin two weeks follow- 
ing operation, 5 c.c. of sodium morrhuate are injected. This was neces- 
sary in less than 5 per cent of the patients in this series. 

The foot and leg drape is now moved dovm to the lower level. The 
skin is infiltrated with 2 c.c. of 1 per cent novocain, and 2 c.c. are in- 
jected deeply on each side of tlie vein. A transverse incision is made, 
and by careful dissection the saphenous vein is elevated. Two ligatures of 
cotton are placed around the proximal portion and a loose ligature of 
cotton is placed around the distal portion. The vein is cut in half trans- 
versely, lying on a small clamp while a gentle pull is made by the as- 
sistant on the loose ligature. A cannula made of a No. 19 gauge needle 
filed smooth at its point is inserted, attached to a 10 c.c. s5Tinge carry- 
ing 5 c.c. of 5 per cent sodium morrhuate with 2 per cent benzyl alcohol. 
The loose ligature is tightened .so that the cannula is fixed in the lumen 
and no leakage of sclerosing fluid will occur. AVhile the cannula is held 
steady, an operating room attendant begins to unwrap the bandage from 
the knee toward the foot. As the leg is unwrapped, the sodium morrhu- 
nte is injected so that when the last turn is off, the last of the sclerosing 



finitur.icv 


flui<l is iiijcoic.l into nn .•inpty or .loarly ..tnply venous syslmn. Jfapid 
ivinevnl i.f the handatte is (ifsired. The eanniila is witiirhvnvn, the iiga- 
Uue litfhlened, and a .seeoiid lii;atiire jdaecd on tlw distal end before flic 
vein IS severed. If there is dnidieathm of the .saphenous vein, lioth are 
iii.i<<ted and liyated, J hi' drapi's are removed and the remaining 
iiniidai'e removed frnlii llie tliigii. 

Jt tiieie are any lonir sidientaiieons triimtary vein.s jiresent at tiiis 
lower level tliey are idso ligateil hut not neeessarily injeeled. Ligation 
at the lower tldgli levi'I is done in every instanec regardle.ss of .single or 
doiilde [tositive Trendeleidning te.sf. and even (iioiigli the Oelisner- 
.Maliorner test shows no eornmnniealoi-s with ineompetent valves. This 
Icnv h'vel ligation is neee.->sary to aei'oiiiplisii tlie desired offeet of the 
■s'l'lerosing llnid on the intima of the oinply vein.s, and it al.so seems de- 
siiams to interrupt peniianentiy tlic eonfinnity of this long venous chan- 
nel. 

•Small sterile dressings are plaeed over the wounds and fi.ved with ad- 
hesive tape. It is very desirous that .small dre.s.sings be used as they do 
not interfere with the [latient in walking. 

The imtieiit immediately sit.s on the .side of the operating table, gets 
ofi' and walks to the slreteher. a distanee of lifteen feet. When lie arrives 
at the ward lie must walk every thirty minutes during the rest of the 
day. If he awakes at night, he is a.sked to get uj) and walk. The second 
day he wallm about the ward at least every hour and the third day he is 
eneouraged to walk at freiiuent intervahs and to walk to the mess hall. 

AVithin twenty-four to forty-eight hours following operation the 
sclerosing fluid, which has penetrated the furthermost ramification of 
the varicositie.s in the internal saphenou.s system of the lower leg, has 
caused red or slightly brownish .streaks to ajipear along the varicose 
channels. The varicosities do not refill with blood, and the large thrombi 
seen before the use of the coinju'cssion bandage technique are not present. 

It would appear that this plienomenon is due to the constricting action 
of the sclerosing fluid as it comes in contact with the intima of the 
empty vein info wJiich it is injected. It also seems jdansible that the 
smaller the thvomhi, the less the di.scomfort and the quicker the patient’s 
Ic"’ returns to normal condition. This has certainly hoeu our e.vperienee. 
''Diis same method of procedure is applicable to treatment of the short 


sinhenous vein 

' 1 IT over tlic lower leg. Segmental subcutaneous veins for ligation 

muUnTection can also be emptied by use of tiic bandage. 

‘ , V is readily takes place in the thigli varicosities due to the 

Throm os thrombosis occurs as rapidly as in the 

ligation alone. . j sclerosing fluid and again it may be two 


in which case it is only necessary to uwap the rubber 
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In the dissections of the saphenous I’-ein at the fossa ovalis we have 
seen the anatomic variations of all type, as have been so adequately 
described b5^ Glasser.” 

The average period of hospitalization is fourteen days, at the end of 
which time these patients return to regular duty. 

Evidence to substantiate the clinical experience was sought by roent- 
genogi-aphie studies of the varicose veins when injected with x-ray 
opaque diodrast. 

Five cubic centimeters of diodrast were injected into the internal 
saphenous system at the lower thigh while the internal saphenous vein 
was full of blood as the leg lay in the horizontal position oh the operat- 
ing table. A roentgenogram was made thirty seconds later and it shows 
stagnation of the diodrast in the upper segment of the vein (Fig. 2a, ,A). 

The leg was then elevated and wrapped with the compression rubber 
bandage from the foot to the operative site at tlie lower thigh. Another 
roentgenogram was taken to show that all the diodrast was extruded 
from the system (Fig. 2a, B). Now as the rublmr bandage was removed 
from the tliigh toward the foot, 5 c.c. of diodrast were injected and 
thirty seconds later another roentgenogram was taken showing the dis- 
simination of this, an equal volume of diodrast into the distal most ram- 
ifications of the varicosities (Pig. 2b, A). The other view (B) in Pig. 2b 
shows the diodrast still present three minutes later. 

Another patient was studied and again 5 c.c. of diodrast were injected 
into the internal saphenous sj'stem at the lower thigh wliile the internal 
saphenous vein was full of blood as the leg lay in tlie horizontal position 
on the operating table. A roentgenogi'am was made thirty seconds later 
and it shows stagnation of the diodrast in the upper vein segment 
(Pig. 3a, A). Another roentgenogram was made three minutes later 
to determine if after a time interval there was better dissimination, but 
none occurred (Fig. 3a, B). 

The leg was then elevated and wrapped with the compression rubber 
bandage from the foot to the operative site at the lower thigh. Now 
again as the rubber bandage was removed, 5 c.c. of diodrast were in- 
jected and thirty seconds later another roentgenogram was taken .show- 
ing the dissimination of the diodrast into the ramifieations of tlie vari- 
cosities (Pig. 3b, A). Three minutes later another roentgenogram was 
taken and the diodrast was still prominently visible (Pig. 3b, B). 

One must conclude that an equal volume 5 c.c. of sodium morrliuate 
would and does likewise dissiminate into the most distal varicosities of 
the system injected and therefore causes more complete obliteration 
of that system. 

The maximum amount of sodium morrhuate injected into any one 
vein is 5 e.c. and the maximum amount given to any one patient at anj- 
one time, even in bilateral long saphenous ligation togetlier nith single 
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fluid is iiijecU'd iu(o ;m cmiUy or iioarly empty venous system. Knpid 
ri'inovjil ol llie haiulaye is desired. The eaiinula is M-i(lidra\vii, the Jiga- 
lure tigldened, and a seeond ligature jilacod on the distal end before The 
vein is severed. If there is dupHeation of tlie .sai)henous vein, both are 
in.jeeted and ligated, llie drajves are removed and the remaining 
bandage removed from the thigh. 


If there arc an.v long subeutaneous tributary vein.s prc.sent at this 
lower level tliey are also ligafi'd but not iieee.ssarily in.jeeted. Ligation 
at the lower thigh level is rhnie in every insta?iee regardless of single or 
double ])Ositive Trendelenburg lest, and even though the Ochsner- 
Mahorner test shows no eonimunieators witli incompetent valves. Tin's 
low level ligation is ?i(H'e.s.sary to aeeomplish the desired effect of the 
sclerosing fluid on the intinia of the cmjvt.v veins, and it also seems de- 
sirous to interrupt [)ennaiiontIy the continuity of this long venous chan- 
nel. 


Small sterile dressings arc ]ilaeed over the wounds and G.vcd with ad- 
hesive tajic. It is very desirons that small dressings be used as they do 
not interfere witii the patient in walking. 

Tlie judient immediately sits on the side of the operating table, gets 
off and walk's to the stretcher, a distance of fifteen feet. AVlien lie arrives 
at the ward lie must walk every thirty minutes during the rest of the 
(lay. If he awakes at night, ho is a.skecl to get up and walk. The second 
day he walk.s about the ward at least every hour and the tliird day he is 
encouraged to walk at fretincnt intervals and to walk to the mess hall. 


"Wit bin twenty-four to fort.v-cight hours following operation the 
sclerosing fluid, which lias penetrated liic furthermost ramification of 
the varicosities in the internal saphenous s.vstem of the lower leg, lias 
caused red or sliglitl.v brownish streate to appear along the varicose 
channels. Tlie varicosities do not i-efill with blood, and the large thrombi 
seen before the use of the compression bandage technique are not present. 
It would appear that tliis phenomenon is due to the constricting action 
of the sclerosing fluid as it comes in contact with the intima of the 


empty vein into wliich it is injected. It also seems plausible that the 
smaller the tlirorabi, the less the discomfort and tiie quicker the patient's 
lex- returns to normal condition. This has certainly been our e.xperience. 
'rids same method of procedure is applicable to tveatment of the short 
1 nous vein in which ease it is only necessary to wrap the rubber 
ov (he lower leg. Segmental subcutaneous veins for ligation 
..so b. onsptioO ot 

is readily takes place in the tliigh varicosities due to the 
Thrombosis thrombosis occurs as rapidly as in the 

ligation alone. . i sclerosing fluid and again it may be two 
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short .siiiilicnous lif'alioii, is 32 e.o. Tliose iimount.s produce adcciuate 
lliromlwsis. 

i lu'i'e have I)een iio systemic reactions, sueli as ajiaj)hylaxis, eough- 
ing, nausea or vomiting, i)allor or fainting. Local reactions, severe in 
some eases, manifested I)y i-ed streaks along veins, erythema, and edema, 
all have .subsided and disapi)oared within seven to ten days. Small hard 
thromhi remain as evidence of the orisinal varicosities, and these are 
ahsorhed only after inonths liave passed. 




^ T? P aired 25 j-ears. This patient had varicose veins 

Fie- ^ ^vin‘^'‘the''in‘em?l faphe^ous v^ins bilaterally and the right external 
atcral, _ fr^ilnwmrr bilateral liirations at 


1 involving tne 

system. ^ four months later following bilateral ligations at 

sapUenous > ci^owing end result lour injections of 5 c.c. sodium morrbuate 

?v;;Ss a?d at the right external saphenous vein 

tlie foss**} ®ionc saphenous Jir?huiUe. This patient has continued to remain on 
into 4^C.C. sodium „iles without discomfort. 

,vitu duty status and marcnes i- 

full inilitarj' uuty 
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Fig. 6. C and D.— Showine ovaUs'an™ at' the ItnvL Oilgh •nrlth 

daya following bilateral ''Fhtions at ^ note absence of large thrombi, 

bilateral Injection of 5 c.c. sodium n .» nostoncrativclv witli complete oblitcra- 

E and F.-Showing patient fourteen dajs po.stoperati . 

tton of the varicosities. 


012 


suitr.i:nv 
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(UK II, it mil ()| (‘I(,(.s jind wjinii salini- dressiims. 

Only H-o iKilicnls havo slmw„ mil,] p,.,-sislc-nt oden.a of fl,e ley, ,ind 
Ihis only fiv(‘i' llip lilna. 



Fiff 6. ^ and B . — Patient “W. G., ag^ed 35 years. Showing varicose veins of internal 
saphenous systems bilaterally. 


SUM3IARY 

1. One hundred forty-one eases of varicose veins are reported. All 
those involving the long saphenous were treated bj' uniform ligation of 
all its branches and the saphenous itself at the fossa ovalis without in- 
iection of sclerosing fluid into the thigh, together with ligation and in- 
iection of the internal saphenous at the lower thigh. 

2 It is believed that complete emptying of the veins by compression 
■ ^),e ace or rubber type is a distinct advantage in reducing 

banaag thrombi and insures better diffusion of the sclerosing 

Mdriolfls. distal ramitoti.™ of varicosities. 


SYNTHETIC VITAMIN K AND THE THROMBOSIS 
OP VEINS POELOWING INJURY 


Charles Bruce jMortok, M.D.,* Edwix W. Sheakburx, 

AND Ray E. Burger, M.D.i 

(From the Department of Surgery and Gynecology, University of Virginia, School 
of ileilicine, Cliarlottesiille, Va.) 

V ITAMIN K is used widel 3 ' in certain surgical patients to combat a 
bleeding tendencj' and in parturient women to prevent hemorrhagic 
disease of the newborn. Both surgical patients and parturient women 
are particularlj' susceptible to thrombosis and thrombophlebitis, although 
the use of vitamin K does not appear cliniea]l 5 " to increase their suseep- 
tibilitj'. The following study was made of a group of patients and of a 
series of experiments with animals to determine what influence, if anj% 
the use of vitamin K might have on thrombus formation. 

The suggestion of the relationship of hemorrhagic diathesis to a de- 
ficiency of the fat-soluble vitamin K, in 1929,* and later in 1934,^ by 
Dam, stimulated great interest in this new vitamin. Vitamin K is Con- 
cerned with the production of plasma prothrombin which is involved in 
tlie mechanism of the clotting of the blood. In animals, prolongation of 
the prothrombin time with accompanjdng bleeding has been observed in 
chicks after the withdrawal of the vitamin from the diet, and in cattle 
with sweet clover disease. In man, a lowered blood prothrombin with 
its bleeding accompaniment has been observed in hemorrhagic disease 
of the newborn, obstructive jaundice, severe liver damage, and in chronic 
gastrointestinal diseases and conditions such as sprue, chronic ulcei’ative 
colitis, intestinal polyposis, and gastrocolic fistula. Tlie attendant hemor- 
rhages have been treated prophjdacticallj'^ and therapeutieall.y in the 
last few years with vitamin K, with the addition of bile salts in the 
jaundiced patient. Doisj' and his associates* liave been mainlj" responsi- 
ble for the sjmthesis of vitamin K, the compound being 2-methjd-l,4- 
naphtlioquinone. 

Waddell, Guerry, and Birdsong®’ have made a study of prothrom- 
bin deficiency in infants in this hospital and have obviated hemorrhages 
m the newboi-n infants by administering vitamin K concentrate and sj-n- 
thetic ^^tamin K to infants in the first few daj’s of life, and to mothers in 
the last two weeks of pregnanc.y. 

No observer so far has reported an increased incidence of thrombosis 
or thrombophlebitis in patients treated with vitamin K. In the Univer- 
sity of Virginia Hospital, at the time this investigation was commenced, 

•Profes-ior of Clinical Surperj' and GSTiecologj-. 
tCaptalD. Medical Corps. IT. S. Army. 

Hnatructor in Surgety. 
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3. I'^ive fiibic (•(‘iitiinolci-s of sodium morrhualc produce excellent 
(lirombn.sis in vjiricosilie.s of (lie lower Icf' and this is the niaxinium 
amount used in any sin<ile vein. 

4. I( would a])])ear (hat this teeliniqne yields a complete obliteration 
of all varicosities wilboni untoward manifestations. 

b. No recurrences have been noted but it is uncjuestionably too soon 
to e.slimatc this jihase of the subject. It is hoped that a snpplemcntaiy 
report may be made in the future. 

The iiuthor wovihl like to iirhnowIoaKo tho coopemtion of Colonel Lucius F. 
WrlKht. Slntlon llospltnl; Lt, Colonel A. Scott Hamilton. Surser}- Division; Lt. 
('olnm'l 1*. V. MeCarthy, x-ray department : Serficant lyconard Insber, who made the 
I>hiitoKrapli«, and tlie < ntlro .silrKical staff In the preparation of this paper. 
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1. Ocli'iior, A., niul IMnliorner, It.: A’nrico'c Veins, St. Louis, 1D3P, The C. V. 
Mostly (himimuy. 

Ciliisser, S. T.: An’ .\tmtomie .Study of Venous A'nrintions .at the Fos.=,a Ovalis; 
tlie .SitjniiieaiU'e of Recurrence I'ollouine Ligations, -Vreh. Surg. 46: 2S9, 
to 13. 
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both needles withdrawn together by a rotaiy motion so as to tear slightlj- 
the intima throughout, approximately 6 to 8 cm. of the length of the 
vessel. The amount of trauma was in all instances made as uniform as 
possible. The site of insertion of the needle and the level to which it 
was introduced in the vein was then marked by tatooing the leg. 

Under general anesthesia with Abbott veterinaiy nembutal given 
inti'aperitoneally and intravenously (1 c.e. per 5 pounds), at approxi- 
mately forty-eight hours after the traumatizing procedure described, 
the veins were removed by surgical excision from ten control dogs and 
from ten dogs treated with synthetic vitamin K. Care was taken to avoid 
trauma at the time of removal. At ninety-six hours veins were removed 
from the legs of fifteen dogs of the control group, and from seventeen 
dogs of the vitamin K group. Prothrombin times, hematocrit determina- 
tion, and, in some, clotting times were repeated on all dogs immediately 
before operation. 

Each of the excised veins were fixed in 10 per cent formalin before 
sectioning. Pour sections were taken from each vein at various levels. 
They were processed in tlie usual manner, mounted in paraffin, and 
stained with hematoxylin and eosin. 

RESULTS 

In some instances the initial venipuncture was unsatisfactory and 
consequently these vessels were not included in the study. The stained 
sections of all veins were studied alone and by a pathologist who 
in no instance knew whether he was dealing with experimental or control 
material. Only those vessels showing subtotal or total occlusion of the 
lumen w'ere adjudged thrombosed. Some veins liad a minimal amount of 
fibrin deposited at the puncture site and were excluded from the group 
of thrombosed veins. There was no significant difference between the 
incidence of thrombosis in tlie animals at forty-eight and ninety-six 
houi's after trauma. 

The incidence of thrombosis in tlie animals which were used as con- 
trols was twenty-nine out of eighty-nine veins, or 33.0 per cent. In the 
vitamin K group there were tliirty-seven out of ninetj'-seven veins or 
3S.0 per cent (Table II). There was no significant difference in the in- 
cidence of thrombosis in those receiving Squibb ’s synthetic preparation 
of vitamin K in corn oil, and tliosc receiving Abbott's synthetic prepara- 
tion of vitamin K in sesame oil. 

The prothrombin time of all the animals, both before and after ad- 


Table II 

CoMPAnisox OF Results ix the Gnoup or Dogs Given Vitamin K 

AND THE GKOUP I'.SED AS CONTKOLS 






onoup 

NO. or VEINS 

POSITIVE 

FOK THHOMBOSIS 

PER CEXT or 
rOSITlVF^ 

Vitamin K 1 

97 

37 

3S.0 

Control 

89 1 

29 

.33.0 








suitoruv 


f)1G 

bofli (Iip iiatuni! iiiid syntlietio viliunin K complex Imd l)ceii administered 
orally and in( ravenously to TOO iircfniant women during the antepartum 
period with only one ease attended by thrombophlebitis, and that follow- 
ing a Porro section, ])erformed because of fibroids of the uterus compli- 
cating the delivery. The incidence of thrombophlebitis in this group of 
700 was, therefore, only 0.14 per cent. In the ])reccding ten years with- 
out vitamin K there had been o,T‘2R deliveries with twenty-eight cases 
comiilieated by thromboiihlebitis during the puerperium. Almost one- 
half of fhese eases had had .some aecomiianying operative procedure, 
such as a (’esarean section, Porro .section, or sterilization. The inci- 
dence of thrombo])hlebitis in this group was 0.48 per cent. Consequently, 
the incidence of throinbo])hlebitis was greater in the larger group re- 
ceiving no vitamin 1C. other than that obtained in the average diet (Table 
1 ). 


r.xi’iauMnxT.M, MiriTions 

The )dan devised was to traumatize mechanically the leg veins of two 
groujis of dogs. The first groiq) was to be fed an exee.ss of vitamin K in 
addition to a normal diet. Tbe .second, the control group, was to re- 
ceive the diet alone. 

Jlongrel dogs weighing nine to forty-two pounds were used and were 
fed a normal diet throughout. Twenty-five dogs were used as controls 
and twenty-.soven dogs were given vitamin K. 3 mg. of 2-methyl-l,4-naph- 
thoquinone* per dog jicr day during the entire e.xperiment. Prothrom- 
bin determinations by the Quick method'’-® and hematocrit determina- 
tions were made on all the dogs before the start of the investigation 
and at the end of one week. In some of the animals clotting times were 
made by placing about 1 e.c. of venous blood gently in a glass-stoppered 
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IXCrnENCE OF TlIRO.MnOPHLEBlTIS IX PARTURIEXT ^yOME^' IS THE 
TJxiversity of Vir.Gixi.v IIospiwl 


(inoup 

NO. OF 
BELIVEKIES 

CASES OF 

THROMBOPHLEBITIS 

PER CENT OP 
THROMBOPHLEBITIS 

A’’itanuii 

Control 

1 700 

5,72S 

1 

2S 1 

0.14 

0.4S 


weighing dish, and recording the time of clot formation. On the eighth 
dav*^of the experiment, the radial and saphenous veins of the four legs of 
both the experimental and control gi-oups of dogs w-ere treated in the 
A llowing manner. Pressure was applied to the limb proximally to en- 
° +1 ^ rp<;sel A No. 15 intravenous needle was then introduced w-ell 
prge t re ■ 22 spinal needle with a 

into the 1 inserted, through the larger needle, farther 

slight hoo V collapsed by releasing the pressure and 

into the vein. 1 herein* 

— „.nthetic preparation in ses.ame oil, part Squibb’s .-ij-n- 

tbeti^^repSatlonTn wrn oil. 
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in tlie control group and vitamin K group before and after feeding 
vitamin K. 

Clinically, vitamin K has proved efficacious in the prophylactic and 
therapeutic treatment of hemorrhagic diathesis of the neivborn infant, 
with no increase in the number of thromboses. The incidence of throm- 
bophlebitis in onlj^ one of 700 pregnant women given vitamin K in its 
various forms, orally and intravenouslj^ as prophylaxis against hemor- 
rhagic disease in the infant was 0.14 per cent over a period of two years. 
In 5,728 women delivered but not given vitamin K in a preceding ten- 
year period, there were twenty-eight cases of thrombophlebitis or an in- 
cidence of 0.48 per cent. 

As shown by Norris and Bennett,^ the average plasma prothrombin 
values of mothers at delivery are greater than normal controls, being 111 
per cent. Tliis may contribute to the slightly increased incidence of 
thrombophlebitis in parturient women. 

SUMMARY 

A gi'oup of experiments performed to stud}* the possible influence of 
vitamin K on thrombus formation in dogs has been described. The ra- 
dial and saphenous veins of tlie legs of fifty -two dogs were traumatized 
mechanically bj’ scarifjung the intima with a hooked needle. The veins 
were removed at fortj^-eight and ninety-six hour intervals afterwards. 
Twenty-seven of the animals received a surplus of synthetic vitamin K 
along with the regular diet for a week prior to the injury, and the re- 
maining twenty-five were utilized as controls. Prothrombin times, hema- 
tocrit determinations, and clotting times were made in each animal at 
intervals, without any demonstrable effect of sjmthetic idtamin K admin- 
istration. 

The incidence of thrombosis after injury to the intima of the veins was 
not significantlj' increased coincident with the administration of syn- 
thetic vitamin K, being 33.0 per cent in the control group and 38.0 per 
cent in the vitamin K group. The small difference does not seem impor- 
tant. The prothrombin values, which are important in the coagulation 
process, did not significantly change after the administration of sjmthetie 
idtamin K. There wms no significant difference in the results obtained 
bv the Squibb and Abbott s.vnthetic preparations. Those dogs wuth a 
hematocrit reading belmv 40 per cent, however, revealed a slightly higher 
incidence of tlu’ombosis in both the control and vitamin K fed group. 

Clinically, the incidence of thrombophlebitis has been less in the Uni- 
versity of Virginia Hospital in the smaller group of women given vita- 
min K just before or at the time of delivery than in the larger group re- 
ceiving no c.xogenous vitamin K except in the normal diet. 

CONCLUSIONS 

The clinical and experimental data reported demonstrate that an ex- 
cess of A'itamin K docs not result in an increased rate of thrombosis. 
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minislratioii of vitainii. K, was well will, in normal limits. In the gi-oiip 
fed vitamin IC (lie nvera'ic prothromiiin lime iiefore the start of the ex- 
poriment was G.G seconds, and the average on the eighth, tenth, and 
twelfth (lays was G.Il seconds. 

Hematocrit determinations revealed no significant change in the rela- 
ti\c erythrocyte volume during the period of exjierimcntation. In the 
six dogs in the vitamin K grouj) having one or more hematocrit readings 
helow dO per cent, the incidence of thrombosis iras 62.0 per cent. In the 
five dogs of the control group with a reading below 40 per cent, the 
thrombosis rate Avas 44.0 per cent (Table III). This is in agreement 


T.miu; Iir 

Kr.siti.Ts; l.vcmr.sxf, or Tur.oMinrs Foumatiok ik thk Dons H.vyixg Osr. ok More 
tlEM.xTociar Keaw.vcs Bei.ow to I’ra Cest 


or.ovr 

XO. Of YKISS 

I‘OSITI\'E FOP. 
TUROMUOSIS 1 

PER cent of 
POSITIVES 

A’itainin K 

21 

23 

62.0 

Control j 

as 1 

S 

44.0 


with the findings of other workers from the time of Welch,” who found 
an increased Ihvomiiosis rate in jiatients witJi anemia, deficiency states, 
and eachexia. 

A few clotting times were well above normal, but most of these Avere 
in those dogs Avhich Averc under anesthesia, Avliich Avill increase the clot- 
ting time of the blood. The average clottbig times of the unanesthetized 
dogs Avcrc Avitliin the normal range AA'ithout marked variation, varying 
from 6.1 to 8.0 minutes on the Amrious days. In the anesthetized groups 
the average varied from S to 11.4 minutes. 


DISCUSSION 


The foregoing exjieriments Averc uudertakeii in the belief that syn- 
thetic Adtamin Iv Avoiild probably not influence the incidence of throm- 
bosis in a group of norinai dogs Avhieh had been and Avere on an adequate 
diet, and aa’Iiosg protlirombin times indicated a nonnal plasma protlirom- 
bin. Since the nonnal animal has a large excess of prothrombin Avhicli 
far exceeds the phj'siologic requirements, and at least 80 per cent may 
be lost before the coagulation time is greatly prolonged,' feeding Autamui 
K to a normal animal should not appreciably alter the prothrombin time 
d concentration. Actually, feeding syutlietic vitamin K for at least 
‘ ek or more Avas found to lower the average prothrombin time only 
nslecond, Avbich is AA'itliin the limits of experimental error. 

Tit difference in the incidence of thrombosis between the eon- 
a ^Lriroental groups of dogs is probably of no significance. The 
trol and exp and fibrinogen factors Avhich are essential to 

thromboplastin, presumably equal in the two groups, and the 

the clotting pto found to have essentially the same normal A'alue 

prothrombin factor AVdb 











ACUTE DIVERTICULITIS OP THE JEJUNUIM— CASE REPORT 

Peed P, Rudder, M.D.,*' Panama, R. P. 

(From the Surgical Service, Gorges Uospiial) 

I N THE course of surgical operations requiring an inspection of the 
stomach and upper gastrointestinal tract I ha%'e encountered both 
single and multiple diverticula of the jejunum on fairly irumerous occa- 
sions. 

Previously, in no instance, either pre- or postoperatively, had this 
coirdition given rise to any symptoms. Recently, a Costa Rican farmer 
was admitted to the surgical service of Coi'gas Hospital with a diagnosis 
of acute surgical abdomen. A definite preoperative diagnosis could not 
be arrived at, and an exploratory laparotomy revealed that lie was suf- 
fering from an acute diverticulitis of the jejunum. Due to the rarity 
of this condition, the following ease is reported. 

E. C., aged o6 years, was admitted to tlio hospital Dec. 19, 1912. The chief com- 
plaint was agonizing colicky pain in the upper abdomen, and vomiting of three 
days’ duration. The onset of this illness had been three daj’s previously with acute 
colicky pains in the epigastrium. The pain was intermittent in character, and so 
severe that he was doubled up with each seizure. The pain increased in severity 
and remained in the epigastric region. There was no radiation of the pain. It 
was increased by deep breathing. No position accorded any relief. Nausea and 
vomiting were present for three days. The vomitus was j-ellow in color. There 
were no chills nor fever, no jaundice, no clay-colored stools, no tany stools. IVlien 
a.sked why he came to the hospital he reijlied that he was brought by his family 
against his will; pain was so severe he thought he would surely die. 

Fast History . — For two months prior to this attack he had been having slight, 
dull aching pains in the epigastric region about thirty minutes after meals. All 
types of food caused pain. 

Physical examination revealed an acutely ill, thin, dehydrated mestizo man, 
Ijfng in bed with both lower extremities flexeil on the abdomen. He held his upper 
abdomen with both hands crying out with each paroxysm of pain. Temperature was 
99.0“ F., pulse 90, respiration 20. Skin was dry; there was no jaundice. Head 
and neck were normal, as were heart and lungs. Blood pressure was 1.10/51. Ab- 
domen was flat, with no distention ; it was held rigiil. The respirations were thoracic. 
Palpation revealed generalized spasticity and rigidity, most marked in the upper 
abdomen. The point of maximum tenderness was in the midepigastrium just to the 
light of the midline. The liver could not be palpated and no abdominal masses 
were palpated. There wa.s no tenderness to deep percussion over the kidney regions. 
Peristalsis was slightly increased. The genitourinary- system was normal; neurologic 
•s.vstem was normal. 

Lahoratory Findings . — Hemoglobin was 70 per cent; red blood cells 4,000,000; 
white blood cells 24,600; polymorphonuclear neutrophil leucocytes 93 per cent; eosino- 
philcs 2 per cent; lymphocytes 5 per cent. Thick and thin .smears for malaria were 
negative, Kahn test was negative, and urinalysis normal. X-rays of the chest rvere 

•Lt. Co!., Medical Corps, Army United States ; Assistant Cliief. .Surgical Service. 
Iteeelv,..! — Cept. IS, 1043. 
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The gross specimen showed rather marked reddening and congestion of tlie serosa. 
The wall was sliglitly thickened, the rugae of the mucosa were prominent. There 
was no ulceration or perforation. Microscopic examination showed hyperplasia of 
the jejunal mucosa. The lamina propria of the mucosa was markedly congested. 
A few of the vessels had ruptured, spilling blood into the interstitial tissue. The 
lamina propria in some areas was heavily infiltrated with plasma cells, eosinophilic 
leucocytes, a few small round cells, and a rare polymorphonuclear leucocjde. A 
slight subacute inflammatorj' reaction was noted within the submucosa. The serosal 
vessels were slightly congested. Ko evidence of malignancy or acute perforation was 
found. 

The postoperative course was uneventful. The patient was discharged on the 
twentieth postoperative day. Ee-examination eight months later, Aug. 13, 1943, 
showed the patient to be in excellent health. He had regained his original weight 
of 104 pounds. He has had no abdominal pain, he can eat any type food without 
discomfort. X-ray of the gastrointestinal tract was normal. 

SUMMAKY 

1. A case of acute diverticulitis of the jejunum is reported. 

2. Due to the rarity of this condition, it was thought advisable to in- 
clude it in the literature. 
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'vnT^e'^tir an.rr ""I'T"’'''' of fi'o »b<Iomen 

^VllS iitKiitni' aiid iio rcniil ar biliary cnlfiili wi-p i-eon. 

A (cnfativc dm^Min.-iM of oputi- l•lmlpcy^^itL•^ iva., „wdp and the patient «as given 
Br. of niorplnne n„,l d,)oo e.e. „f .i per rent giueose in normal saline .solution. 
liiKO houM lat(-r lus eon.litiou ^u,■< j.wrh wor.e. The pain in the epigastrium re- 
urnecl with greater inlensitj-, it non- constant, he nas unable to iio stili, and 

rillui from one side ot the bed to tlic other, crying out n-iih the pain. The tempera- 
lire rose to lOl.t!” F. pulse 110. respiration 21. The abdominal rigidity n-as now 
wardbhe. J he white blood celt count was repented and was 49,100, poh-niorphonu- 
elenr iieiitrojiliil leucocytes 9] jmr cent, cosinophilcs 2, and lymphocytes 7. 



Fis. 1. 

An exploratory laparotomy was done for perfoiation of the gall bladder. Under 
other anesthesia an upper right rectus incision was made. On opening the peritoneal 
cavity there was a moderate amount of cloudy fluid. Tho peritoneum and serosa 
of the intestines were slightly injected. The gall bladder and bile ducts were normal. 
No eastric or duodenal ulcers were found. The pancreas was normal and appendi-v 
^ search of the small gut reve.aled a large solitary diverticulum of the 
was ■ j, gigiiteen inches from the ligament of Treitz (Fig. 1). B arose from 

jopmum ^ pf the jejunum about 1 cm. from the mesenteric border. It 

tho superior . ^ -nddfli, and 6 cm. in length. Its serosa was 

me.asurcd gcntteicd over its surface were numerous fibrinous placqucs, 

markedly injeo tn acute suppurative appendicitis. The walls of tho 

similar to the thickened, and its contents, mostly gas, wore easily ovac- 

divertieulum were s g J clamped, and the diverticulum was removed, 

oated into the jejunum. Its Da. 



RUDDER; ACUTE DI\’ERTICULmS OF JEJUXU'M 


923 


The gross specimen showed rather marked reddening and congestion of tlie serosa. 
The wall was slightly thickened, the rugae of the mucosa were prominent. There 
was no ulceration or perforation, ilieroscopic examination showed hyperplasia of 
the jejunal mucosa. The lamina propria of the mucosa was markedly congested. 
A few of the vessels had ruptured, spilling blood into the interstitial tissue. The 
lamina propria in some areas was heavily infiltrated with plasma cells, eosinophilic 
leucocytes, a few small round cells, and a rare polymorphonuclear leucocyte. A 
slight subacute inflammatory reaction was noted within the submucosa. The serosal 
vessels were slightly congested. Ko evidence of malignancy or acute perforation was 
found. 

The postoperative course was uneventful. The patient was discharged on the 
twentieth postoperative day. Ee-examination eight months later, Aug. 10, 1943, 
showed the patient to be in excellent health. He had regained liis original weight 
of 104 pounds. He has had no abdominal pain, he can eat any type food without 
discomfort. X-ray of the gastrointestinal tract was normal. 

SUMilAEY 

1. A ease of acute diverticulitis of the jejunum is reported. 

2. Due to the rarity of this condition, it was tliought advisable to in- 
clude it in the literature. 
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TIJ;AIO]{S OF SMAVAliY GLAND OlilGIN 
So-OAi.i,T:r) j\Iixi:i) Tumors 
G{;y F. IJonruxs, .Vkw Vork, N. Y. 

O'rnm thr I)(imrtminl nf .Suriitni, Xi'v YorV Posl-Grmhiiiir Medical 
•SchnnI and Hospital ) 

A J liODUC J lOA . — Alll}oiti'}i ‘MJlixctI ” tiimors of snlivavy gland ori- 
gin arc not iiiicojjniio/i, debate still rages ,'iboii< etiolog}', and to a 
loss'oi dogi'oe, <‘i})oi)t fJi;ij;/iosis, .'iiid treatwent. This repoi’t by vai'ious 
inenibors oi flic sfjifi'of (lie New York I’osf-G’radiiate IJospital, of fifty- 
six cases' seen at tin's institution during eleven veal’s from Febi'uarj', 
1.030, to February. 1.041, may scree to clarify the ])roblems of diagnosis 
and tlicrnpy. 

Pdlhotjcncsis. — 'J’lie f)atliogene.sis of tin's grouj) of tumors has been a 
C'ontrovcj’sial subject for many yeans. Alaximow and Bloom, Arey, Zj’m- 
bal, Li and Yang, and Sheldon Jiavc eonfributed to its studj*. Sheldon 
agreed with most autlioiN that tJic earfilage-like cells, often so prom- 
inent a featiii’c of the tumor.s, avci’O hi reality epithelial cells, but con- 
tended tiiat true cartilage may be present, the latter arising, not from 
epithelium, but from the stroma il.self. lie regarded the neoplasms as 
composed of one or two difi'crenl types of eells, both normally present 
in salivary glands; one is re]n’esenlcd by secreting epithelium, and the 
other by the basket cells which are peculiar muscle cells belonging to the 
myoepithelium. Allen opposed his conclusions to those represented by 
Zymbal and by Sheldon. AVorking with four so-called mixed tumors 
from mammary glands of dogs and one from a human breast, Allen con- 
sidered the “cartilage” in three canine cases to be true cartilage "de- . 
rived directly from adult epithelium,’’ and indicated that these conclu- 
sions were applicable to “mixed” tumors of the salivary glands. 

Gross Anatom}/. — Relatively few neoplasms of the salivai-j' glands are 
clinicallj’’ and microscopically carcinomas, and almost all are referred to 
as “mixed” tumors. The word “mixed” is placed in quotation marks 
because practically none are really mixed, in the sense of teratomas 
(ovary, testis, etc.) and refei-s to the fact that, in addition to the. pre- 
dominating epithelium, there is stroma with diverse features suggesting 
dysoiitogenesis. 

“Encapsulation” is a term udth various interpretations. The cap- 
1 of a salivary gland neoplasm bears no resemblance to the true cap- 
f the spleen or kidney. It consists of the more or less thickened 
^ ”istent interlobular septa of the peripheral part of the gland. This 
tl t on the one hand, the “capsule” is intimately connected with 
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the septa in the area of the tumor, and that, on the other hand, the 
“capsule” is also connected -with the septa of the surrounding non- 
neoplastic portion of the salivary gland. As a result, rvhen the neo- 
plasm is “enucleated,” nonneoplastie tissues are also removed as they 
lie outside the capsule of the tumor. 

There are dilated neoplastic acini just inside and closely adherent to 
the capsule. If an attempt were made to remove the tumor without the 
capsule, the outermost walls of such tumor acini woirld be left behind 
to serve as the nidus for a so-called recurrence of the new growth. 

Malignancy may manifest itself as extension of the neoplasm beyond 
the capsule, or, less commonl 3 -, b.v metastasis. 

“Aberrant” cannot be applied to the neoplasms found in the mouth. 
Aberration of the normal process of development maj"- be responsible 
for the presence of salivaiy gland tissues in structures adjacent to the 
oral cavitj’’, including the base of the skull. The lobe of the ear is too 
close to the parotid gland to be considered a significant aberrant site. A 
few tumors similar to the so-called abei'rant tumors have been found 
elsewhere in the bodj’, as, for example, on the leg. The close resemblance 
between cutaneous basal tumors and salivary gland tumors suggests 
that such neoplasms of the extremities are probalfiy extreme variants of 
basal cell carcinoma. 

The surface of the salivary gland tumor is frequently nodular be- 
cause the neoplastic process involves manj- lobules. The cut surface is 
usually lobulated, light gray to ycllowisii gray, and often has mucoid or 
glassj^ areas. The latter are foci of cartilage-like stroma, M’hich how- 
evez', rarely cut with the resistance of tine cartilage. 

Microscopic Anatomy. — Microscopieall.v, the pi'edominant element is 
the epithelium which appeal’s in the form of interlacmg strands, con- 
voluted columns, solid nests, cribriform nests, acini, etc. Impressive 
evidence, including that provided by tissue culture, has been marshalled 
bj- Zymbal to indicate that the neoplasms are not mixed. His work 
tends to show that the mucoid portions of the stroma are due to de- 
generation and subsequent disintegi’ation of the epithelium. The so- 
called cartilage is, therefore, not cartilage but altered stroma that sug- 
gests but does not have the features of true cartilage. 

Other changes in the stroma include hyaliiiization (frequentlj' a 
prominent feature), calcification, and even ossification. Fat is some- 
times found. Many salivary gland tumors do not have the cartilage- 
like areas in conspicuous fashion, so that unless several sections are ex- 
amined the microscopic picture may look like that of an adenoma, a rela- 
tively rare salivary gland tumor. 

Site. — There were 56 mixed tumors of the salivar.v gland region in 55 
patients. One patient had two distinct tumoris. one of the soft palate 
and another of the parotid gland. The tumor of the soft palate was 
completelj’ removed and seven j’cars later a tumor of the parotid gland 
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w;i.s noled .-ujf] I’cnioved; neillm- hus recurred. Of Ihe 56 tumors, 32 were 
111 (lie jmrotid, 3 in (he .sulmiaxillary, and 1 in the sublingual gland, 
i'wenty ()(lior.s, not eonneclod with the large gland.s, were found in vari- 
ou.s parts of (he head. Eight were in (he hard palate, 2 in the upper 
lips, 2 in (he lower lijxs, and 2 in the check'. There was 1 each in the 
scalp, lobe of (he ear, .soft palate, nasolabial fold, infraorbital and post- 
auricular areas. One tumor was found on the leg which microscopically 
closely resembled the nco])Iasms of this group, but it is not included iii 
(lie statistical study. 


Af/c and Sex, — Twcnty-cigtit men and 27 women comj)rised the group 
reiiorted hero. The average age when the tumor was noted was 35 yeais. 
The youngest jiatient was 14 years of age and the oldest, 75 years; 79 per 
cent were under 50 years of age, and 50 per cent were between 21 and 40. 
In ^^ood'.s series of 42 eases, one-half of the number of patients were 
between 21 and 50 yea is of age. Chen and Loiieks reported 45 cases of 
which SO per cent of (he iiaticnts were less than 40 years of age, McFar- 
land collected 90 eases, more than one-half of which were in the third 
and fourth decades. Ilis youngest patient was 1 year old, and his old- 
est, 75 years. 


The youngest patient coming to operation was 16 years of age and the 
oldest, 76 years; the average age was 43.4 years. Two-thirds of the pa- 
tients were operated upon during the third, fourth, and fifth decades. 

Duration . — A eharaeteristie feature of this group of tumors is the 
long lapse of time before operation. One patient had noticed a mass 
for 34 years before coming to tiic hospital. Benedict and Meigs de- 
scribed a tumor that had been present for at least 3S j'ears. The aver- 
age duration in this scries was S.4 years, as compared with 7 years as 
reported by McFarland, and S.75 years by AVood. One-third of our 
patients presented themselves within a year after first noting the mass; 


79 per cent were seen within 5 years. 

Rate of Crrowih . — No fixed growth rate was noted. Twenty-seven of 
the patients said their tumoi's grew slowly. Eleven had noticed a lump 
for many years which suddenly began to grow rapidly. The tumors of 
the hard and soft palates eame to observation an average of 12 months 
after first being recognized by the patients. This was probably because 
growth interfered with mastication and deglutition. 

Size Consistencif, and UobiUtij . — Most of the tumors were smaller than 
3 era in diameter, but some were as large as 12 em. Larger neoplasms 
have been reported; lileFarland quotes Conterill as having seen a pa- 
rotid tumor weighing 26 pounds. 

n clinical examination, the majority (37) of the neoplasms was firm. 

8 wore described as cystic, 7 as soft, 3 as nodular, and 1 as 
However, pj-imary parotid tumors were freely movable, but the 

fluctuant. u adherent to the skin and deeper structures, 

recurrent tumors , found in the head outside the large sali- 

Twelve of the twenty tumors 
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vaxy glands were fixed to underlying tissues; the otliers were freely mov- 
able, as were the neoplasms of the submaxillary glands. The single sub- 
lingual gland tumor was fixed to the adjacent structures. 

Metastasis. — ^Distant metastasis is recognized as a rare occurrence. In 
none of the eases in this series was there metastasis to lymph nodes or to 
distant regions, but a few submaxillary and sublingual mixed tumors 
■with metastasis to the pleura, lungs, and regional nodes have been re- 
ported. Erosion of adjacent bone is frequent in eases of tumor of the 
hard palate, and two patients of this series have had three recurrences, 
each involving bone. 

Diagnosis . — Only 29 of the 56 tumors (43 per cent) were correctly 
diagnosed before operation. The record was even poorer with the 20 
tumors located outside the lar-ge salivary glands; orrly 1 was properly 
identified clinicallj’^. The fact that salivary glaird neoplasm is rrsually 
not considered in the differential diagnosis of oral tumors probably is 
responsible. Tuberculous adenitis, brarrchiogenic cysts, cysts of the pa- 
rotid, lipoma, sebaceous or mucous ej'sts, fibroma, and carcinoma were 
among the clinical diagnoses. 

Most diagnostic problems in neoplasia are simplified by biopsy, but 
the use of this method has not beeir helpful in this series. Slost of these 
tumors are so small that primary complete surgical removal is not dif- 
ficult and is to be preferred. 

Blady and Hoeker, and others, reported radiographic studies on sali- 
vary tumor’s after injection of the ducts witli a radiopaque oil. The 
filling defect in the duct system was said to be of an “orderly nature” 
in mixed tumors, whereas eareiiroma produced an irregular defect which 
has been described as “puddling.” 

Treatment . — All of the 56 tumors here reported were excised widely, 
with the goal of the eirtire removal of tlie trrmor and its apparently en- 
capsulating tissrres. Erich has suggested electrodesiccation of the wound 
edges in cases of hard palate tumors — a procedrrre employed iir our 
clinic. 

One patierrt was given x-ray irradiation preoperatively arrd arrother 
postoperativeljL Two others were advised to have postoperative x-ray 
therapy, but failed to reappear for treatment. (Both treated patients 
have had no recurrences to date.) 

Branches of the facial nerve were sacrificed when necessary. A good 
cosmetic result was considered secondary to complete removal of tumor 
tissue. Transient facial paralysis was noted in 3 cases. One patient 
has permanent posto])erative paralysis of the mandibular branch of the 
seventh nerve. 

There is no unanimity of choice of therapy iir the literature. Tliere 
is, however, a trend away from the use of x-ray and radium irradiation 
and toward radical srrrgical removal of the tumor, including the appar- 
ently encapsulating tissues. Ewing advised radical surgery and had 
little faith in the use of x-rays. Levine has suggested partial excision of 
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lip tumor imm willi itnpj.nntalion of radon soeds and I'adiiim blocks. 
Henedict and iAfciK.s, Widtnann, Jlarlin and VAkin, and Golin considered 
x-ray and radimn pallia! ivc a! be.sl. Fox reported poor results with 
X I.l^ . Biunsehwifr ,s use of radinni and surgery iu a ease involving the 
longue wjlh lymph node metnstusis ai)[)arenfly served to chock the 
growlli. Tliibaudoau and Burke, idalcom, iderritt, and i\Iartin and Elkin 
wrote of in.slancc.s in wbieb patients have done well with combined sur- 
gical and x-ray Ireatnienl. 

jMcharland reported 300 eases of mixed .salivary tumons, and later 
did in.sdanees. Ha (Iiougiil x-ray of no value and advised complete sur- 
gical exei.sion of the liimor and its a])])arenlly encapsulating tissues, in- 
dicating that this can be.st. be accomplished by allowing the tumor to 
reach the .size of a lemon before operating. This .suggestion is obviouslj' 
uselc.ss in dealing rvilh inlraoml lumor.s. Ghen and Loueks practiced 
radical surgical excision of the tumor and all of its capsule, conderan- 
ijig enucleation alone. Kini and Bao, Golui. and Swinton and Warren 
all advi.sed primary radic.'d suigery. Tiic latter two authors mentioned 
persistent salivary fistulas and facial nerve paralysis as troublesome 
eomplieation.s, Bepnir of the facial nerve was suggested by anastomosis 
of tlie spinal accessory or hypoglossal nerve to the facial nerve, together 
with resection of the superior sympathetic chain. 

nccurrcitcfs . — Nine of the 55 patients in this series did not return to 
the follow-up clinics. The remaining 46 patients were alive and still 
under observation in February, 1941; the average postoperative period 
is 3.8 year's. One patient has been observed foi' loss than 3 months, one 
has been observed ovei- a period of 10 years, and 3 more for over 8 years. 
Inasmuch as recurrence may lake place many years after primary sur- 
gical excision (UfoFarland reports a recurrence 47 years postopera- 
tively), the postoperative period is too short to be cei'tain of cure. Of 
the 7 patients with tumors which were recurrent upon admission, 5 have 
been folloived with only 1 recuri'cnce since coming- under our observa- 
tion. In this ease there is a nodule, 2 by 3 mm., overliving tlie parotid 
area. It has not enlarged since it was first noted 1.5 years ago (S months 
post operatively). There have been 4 recurrences (S.4 per cent) in pri- 
mary cases, making a total of 5 (10.5 per cent) with recurrence since 
operation at the New York Post-Graduate Hospital. At present there 
are 3 patients (6.3 per cent) with recurrences, and of these, 2 (4.2 per 
cent) both with tumoj's of the hard palate, have active progressive 
disease One was unable to foretell which tumors would recur by stndy- 
. microscopic anatomy of the primary tumors, a conclusion also 

• 1 d by klcFarland in a recent article. The 2 patients with active 

reae re t^^mors of the hard palate. One was biopsied and 

reenrre submitted to surgical excision. These 2 

theotne .nowed microscopic features quite similar to others 

primary tnmois 
-hich have not recurred. 

At present it is 


which have not fQim any definite eonelnsions from one’s 
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own observations or from the literature as to why tumors of the salivary 
gland region recur. How'ever, results lead to the belief that wide re- 
gional excision is the only apparent assurance against recurrences. 

There is gi’eat variation in the percentage of recurrences reported by 
others. McFarland reports 69 recurrences (23 per cent) among 297 
cases, with 13 fatalities. iMartin found 34 mixed tumors of the parotid 
among 65,351 admissions at the Barnard Free Skin and Cancer Hospital, 
St. Louis, ilo. Of these, IS submitted to treatment; 10 showed no evi- 
dence of recui’renee. Thibaudeau and Bui’ke reported 29 eases. Eight- 
een were symptom-free, 2 improved, 3 recurrent, and 6 dead in a 10- 
year series. Patey recorded 50 mixed tumors: 38, parotid; 6, submaxil- 
lary; 5, hard palate; 1, sublingual. There were 7 recurrences (19 per 
cent) ; these included 5 parotid tumors, 1 submaxillary, 1 of hard palate, 
and the single sublingual neoplasm. One submaxillary case failed to re- 
turn to the follow-up clinic. Patey Ijelieved that the fear of damaging 
the facial nerve and the failure to remove the encapsulating tissue of 
the tamor increased the probability of reeuiTence. 

Sw'inton and Warren had 2 recurrences (4.3 per cent) among 81 cases, 
of W'hieh 9 were classified as malignant. Wide surgical excision was the 
procedure followed by them. Eggers collected 87 mixed tumors of the 
bard palate from the literature and added 5 eases of his own; there were 
only 2 recurrences (2.1 per cent). Sonncnschein called attention to the 
frequent recurrence of mixed tumors of the soft palate. Chen and 
Loueks have followed 18 of 38 mixed tumors; they had no recurrences. 
I'fine of the IS eases had been followed for less than a year. 

Prognosis . — It is well known that mixed tumors of salivary gland ori- 
gin rarely metastasize to distant regions, but they frequently recur lo- 
cally. Wood reported a tumor that recurred 17 times during 34 years. 
Statistics compiled over an 11-year period obvioirsly cannot serve as a 
basis for satisfactory prognosis. Some tumors are quiescent for years. 
Paller recorded a tumor w'hich was inactive for 37 years, onlj’ to increase 
in size at the end of that time. MeFailand reported quiescence for 49 
.vears and Wood for 53 years. It is not unlikely, however, that the 
probability of recurrence is smaller following radical surgical excision 
than after any other form of therapy. Those who have followed this 
coiu-se have had, to date, as good or bettor results than those who utilize 
combined sui'gieal aird x-ray therap.v, or x-ray alone. 

coxcnusioxrf 

1. A series of 56 mixed tumors of salivary structure is reported. 

2. Salivary gland tumors outside the lai'ge glands arc rarely diagnosed 
correctly. 

3. Wide primary surgical excision of the tumor and its apparent cap- 
sule is the treatment of choice and the oidy protection against recurrence. 

4. The primary histologic picture does not reveal information which 
suds in foretelling recurrence. 

5. In the series there are 2 patients (4.2 per cent) with active recur- 
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iwi) (hKc'.'isc; 5 (30.0 iier cent) wilh rccniTcnces since oj)evation, and 4 
(K.4 per cent) witii re(nirmi(T.s in limior.s wiiicli were primary upon 
adini.ssion. Of the original Of, pafient.s, 46 (84 per cent) were included 
m foliow-uj) Rtudie.s. 
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SOME STUDIES WITH ZEPHIEAN 
With Particular Reference to Its Use in Time of War 
Harris B. Shumacker, Jr,, M.D.,® and William R. Bethea, Jr., l\I.D.t 

(From the Surgical and Laboratory Services of the llSth General Eospital) 

Z EPHIRAH is a mixture of high molecular alkyl-dimethyl-benzjT 
ammonium clilorides in which the alkyl group represents a series 
of homologous radicals derived from the fatty acids of cocoanut oil. 
It is the purpose of this communication to deserilie its properties, its 
applicability in surgery, to report studies which extend its sphere of 
usefulness and to point out its special utilit 3 ' in surgerj' in war time. 

Zephiran is an amber colored solid of soaplike consistencj^. It is 
marketed as a 1 :10 concentrate. It is readily soluble in water, alcohol, 
and acetone. The solution is colorless and almost odorless. It has a 
definite detergent, keratol.rtic and emollient action, and is not irritat- 
ing to sldn. It has a low surface tension, 1 :1000 aqueous solution 
having a surface tension of 37.4 djmes per cubic centimeter at 25.3° 
0.® It is procurable and inexpensive. Soap exerts some inactivating 
influence upon zephiran,” but zephiran is compatible with local anes- 
thetic agents, the sulfonamides and other substances with which it may 
come in contact in operative surgery. It is stable and active over a 
wide range of temperatures. Freezing, storage at temperatures in excess 
of 50° C. for eighteen daj's, and storage at room temperature for more 
than eight months cause no apparent loss in germicidal effieaejL^ 

Since Domagk^ described the remarkable bactericidal propertj- of 
this agent a number of studies have confinned its value as a germi- 

Cide.jU 3, ■<, 6, 7, 8, 12, 13 

Testing its efficac.y against Staphylococcus aureus, Ebcrthella typhosa, 
E. coli, Streptococcus hemolytmis, Str. viridans, Cryptococcus hominis, 
and Monilia albicans at 37° C., Dunn-' found its phenol coefficient varied 
from 274 against M. albicans to 579 against Str. hemolyticus. The 
highest dilution which would kill these organisms in ten but not in five 
minutes varied from 1 :25000 against Staph, aureus and If. albicans to 
1:95000 against Str. hemolyticus. Comparing the bactericidal activ- 
ity of phenol, }ie.x.vlresorcinol, tincture of merthiolate 1 .TOGO, tincture 
of metaphen 1 ;200, pepsodent, and aqueous zephiran 1 :1000, Dunn® 
found zephiran superior to all the others against Sfajyh. aureus both at 
20 and 37° C., superior to all of them against E. coli at 20° C., and to 

Reccivecl for public.-ition. .UUy Ti, laia. 

•Capt.iln. Medical Corps, U. S. .Vrmy. 
trirst Lleuten.ant. Sledioal Corp.s, V. S. Army. 

tWe slmll not attempt to review the literature compietely. A number of articles 
me not available to us In our present situation. 
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nil oxc(>j)t in(-ta])Iu«ii jil 37° C. Cnmpimith-o HtiuVws of the haeterieidal 
notion of tlicso afrcits a-iaiiisl .S'tapli. oiinus in .70 per cent lior.se .serum 
showed zepliiran to be superior to llie otliers. Penetration and inhibi- 
tion le.s/.s eari-ied out by Jrt>inetnan« with the :i"ar cnp-plate method 
demonstrated that zephii'an has e.xeellont eaiiaeify for iionefrafion and 
inhiliition. .S'/ap/i. narrav was inhibited in a eoneeniration of 1:100,000; 
IC. itjphoxn in a eoneentration of 1:5000 but not in a concentration of 


1:10.000. Jliller, llaher, and Harrison' found zejiliiran more active in 
inliiliifinir Ilie nielabolisni of dental haeferia and yeast than fluoride 
and iodo-aeetalo. .Vetion of zctihiran afrain.st the spoi'o.s of B. siihlilix 
is enhaneed if the solution is broii<:ht to a jilI of S.G.'‘ 


Xrphiran for Prc/xiratioii of flic Ifaiulx of l/cinhcrx of the Operai- 
iiiff -.Siiici* dilute afpieoii.s zc'phiran has, in our experience, 

proved so eminently .salisfaefory for the pre/iaration of the .slcin of the 
patient bet ore o[)eration it wa.s felt advisaiblc to iuvestiffnte its; po.ssiblc 
use for atteuiptinir to sterilize the hands of the operafiinr team. One 
mi<>:ht .suppose that any acreiit satisfactory for the ])rcopcrative prepara- 
tion of .shin ini.irht be opiially ii.sefiil in preparing the hands of the 
membei-s of the operatin<r room .staff. This is not necessarily true for 
two reasons. First, there is a remarkably rapid increase of organisms 
within the gloved hand increasing with the length of time the gloves 
arc worn.’" Second, the jiaticnt may have greater resistance to the 
flora of his own skin than to tiiat of others. In addition, however, to 
remarkable gennicidal activity, any .solution which might be found use- 
ful in this regal'd uunld necessarily hare to possess two additional at- 
tributes, namely, lack of irritation of .skin when used repeatedly over 
long periods of time, and e.xtreme lowness of cost. We Imow of no 
other agent which apj)arently ])o.sses.ses all of these qualities. 

Expcrimcntnl Method . — Tiro problems had to he solved hefoi'O the 
study could be undertaken, first, to devise a method which would give 
reliable coInparati^'e estimates of the worth of various methods of pre- 
paring the hands, and second, to make sure that any good results which 
might be obtained would be due to bactericidal and not to bacterio- 
static action. Price’" has described a method of study giving almost 
quantitative results and constituting a real advance in the investiga- 
tion of skin sterilization. This depends lyion calculation of the num- 
ber of organisms present on the skin by scrubbing into a large number 
of basins for one minute each, doing haeterial counts upon the contents 
of each basin, and plotting tlie results, which follow a regular Jog- 
•■timie curve. Such a method of study could not be employed, how- 
• 1 cause in a busy army hospital neither the time nor supplies were 
‘ mpe method decided upon is the following: The hands were 
availab e. desired interval of 

prepared ai pxdled away from the wrist so that the 

time the cim o o visible. Ten cnbie centimeters of 

palmar surface oi 
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sterile normal saline solution were then poured into the glove in such 
a way as to avoid contact with the cuff of the glove ivliich was con- 
taminated. The fingers of the gloved hand were then extended and 
flexed so as to mix thoroughly the salt solution with any sweat or epi- 
thelial debris which might be present on the palmar surface of the 
hand, following which several cubic centimeters of the solution were 
withdraum by sterile pipette. Exactly 1 e.e. was then plated out in 
10 e.e. of dextrose agar. Cultures were read after incubation for forty- 
eight hours at 37° C. This gave us a roughly semiquantitative method 
with all factors the same in each instance except the bacterial flora of 
the hands being tested. 

After doing a number of experiments dealing with the inactiva- 
tion of zephiran bj' soap, the .second problem was finally met by experi- 
ments such as are recorded in Tables I and II. In tlie first experiment 


Table I 

SuowiXG That Absexce of Bacteiual Growth ix CvLTtWvEs or the P.wwar 
Surface of Hands Previously Soaked for 3 Minutes in 1:2o00 Aqueous 
ZEPHIRAN AND Placed in Sterile Rubber Gloves Wet With the 
Zephiran Solution Is Due to Death of Organisms and not to 
Inhibition of Growth by Any Traces ok Zephiran Present 


SOURCE 

METHOD OF Culture 

PLATE 

DUMBER 

NUJXBER OF 
COLONIES 

Solution from glove 

1 c.c. in 10 c.c. dextro.se agar 

1 

0 


1 c.c. plus 1 drop soap in 10 

o 

0 


c.c. dextrose agar 




1 c.c. plus 2 drops soap in 10 

n 

•> 

0 


c.c. dextrose agar 



0 c.c. of solution from glove 

1 e.e. in 10 c.c. dextrose agar 

4 

S. T.* 

contaminated witli 0.1 c.c. of 

1 c.c. plus 1 drop soap in 10 

0 

S. T.* 

24 hour old Xfajdi. aureus 

c.c. dextrose agar 

1 


broth culture 

1 c.c. pins 2 drops soap in 10 

() 

S. T.^ 


c.c. <iextro.se agtir 



5 e.e. sterile normal salt solu- 

1 c.c. in 10 c.c. dextro.se agai 

7 

S. T.’ 

tion contaminated with 0.1 

1 c.c. phi.s 1 drop soap in U 

s 

G. T.‘ 

c.c. of 24 hour old Stoiili. 

C.C. dextrose aejur 



aureu.s broth culture 

1 c.c. plus 2 drops soup in 1(“ 

p 

• S. T.* 


c.c, dextrose a^Ar 




•S. T.. Several thousand * no sieniftcant difference in the number of colonies in 
plates 4 to f). 


a subject, without other preparation of liis liands, soaked them for 
three minutes in 1 :2500 aqueous zepliiran and ]nit on sterile gloves 
ivct with zephiran. After thirty minutes 10 c.c. of sterile salt solution 
were poured onto the palmar surface of his gloved hand according to 
the method described and as much as passilile was removed hy sterile 
pipette. One cnliic centimeter of tliis solution was plated out in dextrose 
agar, and to two similar plates, one and two drops of liquid green soap 
were added. Five cubic ccntimetei's of the .solution removed from the 
gloved hand were then inoculated with 0.1 c.c. of a twenty-four liour 
broth culture of Staph, aurevs and 1 c.c. portions of this contaminated 
solution were similarly plated. Five cuhie centimeters of sterile normal 
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' Il' nrF OP IlA-lfcf 7>^ 'f-vu C ’■ CL-I.TLT.ES OF THE PaLMAK 

7 PPUIP^I .. V SOAKEl. KOI£ .‘i JIlNUTES IX 1:1000 AquEOUS 

7rp , ^ Pi-aced IX Steriee Rmiiif;;; Gmves IVet IVmr the 
/eiiiirax fcoi.uTiox Is Dun to I)j;atii of Oroanisms axd xot to 
iximiiTiox OF OiiowTir nv Axv Traces of Zepijikak Presext 


SOURCE 

Mimioii OF rui,Ttji:E 


ggianaaijl 

Xolntion from a'oA’o 

1 {*,(•. in 10 (*.c. Ooxtrose afjar 

1 


.) e.c, of .'■■olulioii from plovc, 
roiitnminatcd with (i.l e.c. of 
t’! lioiir old l)rotli culture of 
iS'toph. rdfiK.s 

1 ('.(*. in 10 e.c. {loxfro?c agnr 

2 

4000-6000* 

•> e.c. of .sterile normal salt 
solution conlainin.aled with 
0.] e.e. of 21 hour old broth 
enlture of Slapti. athus 

1 e.c. in JO e.c. dextro.se agar 

3 

4000-6000* 


uml(-r niiipnillc.Ttion of a snmil iiieasuicd area revealed no significant 
ililleiencv In the nntnbcr of colonies in idntcs anil fi. 


salt solution were tiieii coiifamiiiafed ivith 0.1 e.c. of the same broth 
cultiii'c, and 1 e.c. liovfions of this iverc plated in similar fashion. After 
forty-eifiht hours there ivas no 'rrowth in the first three plates. Several 
thousand colonies were tircsent in the remaining six plates. Although 
the colonies ivcro loo numerous for accurate count, eounting of a small 
jneasurod portion of each plate under magnification revealed no sig- 
nificant difl’oronce in the number of colonies in these six plates. This 
experiment demonstrated that the maximal amount of zephiran which 
might be jn'csent on the palmar surface of the hands on which 1:2500 
zephii'an had been used was insufficient to cause any inhibition of growth 
once it had been diluted with the standard amount of salt solution and 
agar. A second experiment carried out in the same manner gave identi- 
cal results. In the experiment rccoi-ded in Table II similar studies were 
made after soaking the hands in 1 :1000 aqueous zephiran and putting 
on gloves wet Avith the zephiran solutioji. This experiment also shoAved 
that not enough zephiran aa^s present to cause any inhibition of groAvth 


in the culture plates. 

The studies AA'ere all carried out in the operating room, usually in the 
midafternoon. The room temperature could not be kept constant but 
varied little from day to day, averaging 85° P. Subjects Avere officers, 
nurses, and enlisted men of the operating room staff. Before the experi- 
ments were begun the subjects had been performing their regular duties, 
such as oiling instruments, sorting dirty linen, scrubbing the floor. The 
hands aati’c not'AAaashed and the nails AAmre not cleaned before the expeia- 
‘ , .g ] 3 e'>'un. After preparation of the hands the subjects put on 

T”le rubber gloves and then resumed their regular duties, no effort 
^ • de to keep the outside of the gloA'es sterile. Gomis wore not 
being ma instances a glove was inadvertently tom so that enlture 
worn, in AV ‘ ^ obtained. Ordinarily six subjects Ai'cre 

from ‘ . gijtained from the left hand after having the gloves 

used, a cunuic oeii b 
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on for one-half hour and from the right hand after one hour. 

The results obtained are recorded in Table III. Two subjects whose 
liands were grossly clean but had not been prepared in any maimer 
put on sterile gloves, and cultures were obtained after thirty and sixty 
minutes. There was considerable variation in the number of colonies 
present in cultures of the hands of the two individuals. There was an 
average of more than 120 colonies after thirty minutes and more than 
300 after one horn*. Six subjects seiubbed their hands and forearms 
wgorously noth liquid gi-een soap and i-unning tap water for three 
minutes using sterile brushes, then earefullj’' cleaned their nails, 
scrubbed with soap and water for an additional five minutes and then 
soaked their hands and forearms for three minutes in 70 per cent by 
weight ethyl alcohol. After thirty minutes none of the twelve hands 
cultured showed any growth of organisms, but after one hoiu’ 42 per 
cent of the hands cultured showed some growth, the average number 
of colonies in those plates showing grmrth being 1.4 per plate. 

"Without any cleansing of the hands or nails tivelve subjects soaked 
their hands for three minutes in 1 :2500 aqueous zephiran, washing the 
hands with a wash cloth as they soaked. Following this, sterile gloves 
were put on wet with zephiran, the hands being held up to allow all of 
the solution possible to drain out of the gloves. After the gloves were 
on for one-half hour 42 per cent of the cultures showed some gi’owth, 
the average number of colonies being 3.2; after one hour 42 per cent 
also showed some growth, the aveimge number of colonies being 1.6. 
Twelve subjects similarly prepared their hands by soaking for thi’ee 
aiinutes in 1 :2500 aqueous zephiran after which tliey dried their hands 
and put on diy sterile gloves. After one-half hour 25 per cent showed 
some gi-owth, the average luunber of colonies being 2, and after one hour 
25 per cent showed some growth of organisms, the average number of 
colonies being 1.3. The sliglitly higher incidence of positive cultures 
with the wet technique may have possibly been due to the fact that 
certain subjects may have inadvertently lowered their gloved hands 
while their unsterile forearms W’ere still wet with the solution which 
had drained domi from within the glove, tluis carrying back into the 
glove some organisms. Tivelve subjects scrulibed their hands with 
1:2500 aqueous zephiran and tap water for three minutes, following 
which the hands were soaked in 1:2500 zephiran for three minutes. 
There was only one colony wliich grew out in the plates from twenty- 
Ihree hands cultured. 

Similar experiments were carried out with 1 :1000 aqueous zephiran. 
After a three minnle soaii, gloves were put on by the wet technique. 
Only one hand cultured showed any growth of organisms and in this 
instance only a single colony. After hands were soaked for tliree 
niiuutes and dry gloves put on, two hands showed a growth of a single 
colony in thirty minutes and one after one hour. Twelve subjects 
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Tun Results Outaineii From Cultuue or IIaxiis Prei'aiied ik Vakiol's Wavs 
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scrubbed tbeir hands for three minutes in a basin containing 1:1000 
zephiran, all scrubbing into the same small basin and using no ninning 
water at all, after w'hich the hands were soaked for three minutes in 
1 :1000 zephiran. Only one hand showed any groivth of organisms, this 
being a single colony. 

It is not felt that the absence of growdh of organisms in cultures from 
the gloved hands of our subjects indicates that the hands were sterile. 
It appears that absolute sterility of the skin of hands and forearms is 
impossible to attain.^® It is felt, however, that the method employed is 
a valid comparison of the effectiveness of the various methods used in 
these experiments in rendering the hands as free of organisms as is 
possible. The method of culture was the same in all instances and that 
portion of the gloved hands cultured is the one in wdiieh sweating is 
most abundant. 

It is apparent that there ivere fewer hands from which positive cul- 
tures were obtained after brief scrubbing vith 1 ;2500 zephiran and a 
short soak in this solution, and after simply soaking the uneleansed 
hands in 1:1000 zephiran for three minutes than there were after the 
most rigorous scrubbing with liquid green soap for eight minutes fol- 
lowed by soaking in 70 per cent alcohol for thi’ee minutes. Tiventy-one 
per cent of the hands prepared by the usual soap and water and alcohol 
teclmique showed some growth of organisms. Of seventy-one hands 
prepared ivith 1 ;2500 aqueous zephiran, 24 per cent showed growth 
of some organisms. Of seventy-one hands prepared with 1 :1000 zeph- 
iran, only 7 per cent showed growth of organisms, only one colony grow- 
ing out in each instance. It would appear that one could at least 
conclude from this that a In-ief soak in 1 :1000 zephiran brings about as 
good a preparation of the hands as the most rigorous soap and water 
scrubbing followed by soaking in alcohol. Certainly tins would appear 
to be particularly true if the soak in zepliiran is preceded by a brief 
scrubbing in this solution. 

After soaking hi zephiran the hand has a verj' comfoifable satiny 
feel which persists for several hours. Zephiran cleans the hands very 
well. It is more effective in removing oil and greasy debris than is 
soap and water. Used day after day over a long period of time it never 
causes a)iy skin irritation and docs not make the nails brittle or dis- 
colored. 

It is our feeling that preparation of the skin of the hands and fore- 
arms of members of the operating team can be reliabh* cari-ied out as 
follows: Clean the nails, scrub the hands and foi'earms vigorously in 
aqueous zephiran 1:1000 for three muuites, and soak them for three 
minutes in a basin containing this solution. Between clean cases soak 
the hands in ze])hii-an for three minutes. Scrubbing with 1 :1000 
aqueous zephiran causes no real lather but a lather is obtained when 
one scrubs with 1 :r)00 zephiran and this dilution may be employed for 
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.sci'iil)l)inf' ii j| i.s dcsiivd. II lha lintuls mv niois/oiK'd widi zcpliii-aii 
diov (•,'in 1)0 oji.silr slijtjm] into jiou-domi, dn- sterilized ''loves. Most of 
ll)oso Av]io Jijivo pul on jrlovos in lliis rnrinrior feel that (iicir Jiaiids are 
more eomfnvtiilile ((uiti wlioii flicy arc i)ii( on dry M'itii taloiim powder, 
Aldioiifrli wo luivo no objoefivo proof it would scom likely that tiie film 
of zepliiran on (lie Jiands would lend to inhibit "rowtii of tbo.se organ- 
isms wbieli may remain on the .skin. 

/rplnran in the Prepm-ation of the 0])r,r<ilire Field. — Zej)liiran lias 
been used by a number ot individuaks in the jirejiaration of the patient's 
skin before ojieralion, but ordinarily in eombination Avitli some other 
antisejitic agent. alter'- rejiorls that 2000 patients have undergone 
ojieralion at the ]\‘ler Bent lirighnin llospilnl, ivith the opevntor iming 
throe ehanges of 1 ;1000 mineotis zcjihiran alternating- with three 
changes of 70 per cent alcohol. JIc did not cite the incidence of ivound 
infect ion.s. In 75 eii.scs a bioji.s.v nvis taken of the skin prepared in this 
manner from n-liich cultures were made after maecraiion of the tissue. 
Sevent.A’-thrce per cent .showed no gron-tli of organisms. White, Collins, 
and Newimm'-’ used a akin preparation of soap and %vatev, benzine, 
fdcohol, and tincture of zejihiran, 1:2000. In dfty-one operative eases 
there was a single wound infection wdiile there were seven ivound in- 
fections (2S i)cr cent) in (wenf.v-five cases in which 3.5 per cent tincture 
of iodine was used in iircjiaration of the skin. Biojisies of the skin 
taken iicforc and after this clean up in fift.y-one cases were cultured. 

In every instance there were organisms from the biopsy taken before 
skin pi-eparation, in only two instances from biopsies taken after skin 
preparation. 

Wright and Wilkinson'^ found zephiran vein- useful in traumatic 


surgery. One of us (H. B. S., Jr.) began to use zephiran for skin 
preparation in 1937, at ivliieh time he was a member of the surgical 
staff of the New Haven Hospital. The routine skin preparation in this 
ho.spital consisted of soap and water, alcohol, and 1:2000 aqueous 
zephiran. With this technique, in the .A’ear 1937-193S the incidence of 
wound infection ivas as low as during any preceding year in Avhieh 
other germicidal agents had been used, the incidence in clean eases being 
2 4 per cent including all stitch abscesses and other trivial infections 
as well as the more obvious ivound infections. 


Ill the llSth General Hospital the routine skin preparation before 
nneration on the surgical service has consisted in sponging off the 
nnprative field with three or four changes of 1:2500 aqueous zephiran. 
Iflbio- this the area has been shaved either dry or after simply 

wetti a , j I j-outine. The incidence of stitch abscesses is 

have been Pl«f ^ imp-won mt it i, vo.,- lo.v. TI„.-o ,™.. 
yvot laio\TO out VC ‘ the fo.st 350 clean cases thus prepared, 

three obvious ivoiind abscess under the donor area from 

One of these was a suheutaneo 
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wMcli pinch grafts were removed to he placed upon an infected 
grannlating area. It appeal's that the donor site must have been con- 
taminated by some faulty technique from the infected recipient area, or 
that the needle or procaine solution was contaminated. The second ease 
was that of a superficial wound infection following repair of a ventral 
postoperative heniia which was carried out eleven iveeks after explora- 
tion for multiple perforations of the bowel and only five weeks after 
a partially disrupted wound had healed. The third instance was that 
of an unexplained mild wound infection after inguinal herniorrhaphy. 
In none of these instances was sulfanilamide powder used. In a rather 
large number of the cases included in tliis group sulfanilamide powder 
in small amounts was implanted in the wound. 

These data are not given as proof of the superiority of zephiran for 
preparation of tlie skin. In those reports mentioned otlier germicidal 
agents were used in conjunction with zephiran. In our own eases sul- 
fanilamide powder was used locally in many wounds. Even if a series 
of cases v'as presented eliminating such factors, it would not neces- 
sarily fuimish any conclusive evidence that the zephiran Avas responsible 
for the low incidence of Avonnd infections. JIany things must be con- 
sidered in such an evaluation. 'Wound infections will be fewer when 
the surgical technique is gentle, when absolute hemostasis is achieved, 
when mass ligatures and strangulation of tissue are avoided, when 
small suture material is used, and when a rigid aseptic technique is 
maintained. In addition, there are two sources of organisms Avhieh 
may contaminate wounds other than the patient’s skin, namely, the 
air of the operating room and the hands of the operator and his assist- 
ants. Indeed, there is much to suggest that the hands of the operating 
team may be more frequently the source of organisms causing wound 
infection than either the patient’s skin or the air of the operating room. 
Gloves are punctured in a surprisingly large number of cases and a 
punctured glove may be responsible for thousands of organisms entering 
the wound. It is felt, however, that the data given do indicate that 
wphiran is a perfectly adequate acrent for .skin preparation. Purthcr- 
morc, in vitro studies demonstrate it to have greater germicidal efficacy 
than most of the antiscptic.s commonly employed for this piu'posc. In 
addition, it.s cheapness commends it. It has other very distinct advan- 
tages for the preparation of skin. 

It is easily aiiplicd and elcan.ses the .skin well since it has a certain 
detergent and keratolytic action. It has not been necessaiy to use with 
It any other clcan.sing agent. In numerous instances when imticnts have 
l)ccn brought in after traumatic lacerations received on the .strect.s, 
areas covered with grca.so and dirt have been cleaned without difficulty. 
Should the situation arise Avhere it is felt that grea.se is being inade- 
quately rcmoA-cd one miirlit supplement the zephiran elcan-uj) by s])ong- 
ing the area Avith ctiier. The .solution is noniriltating to .skin. Fiom 
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a rather larse jicrsonal experience and tlie reports of the literature 
examined, we know of no instance in ndiicli tliere has occurred derma- 
titis, hum, or any skin irritation due to tiie use of aqueous zephii'an. 
In the dilute solutions which are employed it causes no I’eaction if it is 
allowed to run into the various body orifices and ca\'ities. It has a great 
advantage in the iireparation of the face where it can be allowed to 
run into the external auditory canal, eyes, nose, and the mouth without 
icar of tissue damage. One lias no eoneem about the various body 
creases and folds ns one does with so many of the antiseptics employed 
for skin preparation. One jiarlicular advantage of dilute aqueous 
zc])hiran is that it can bo iiscd freely in open wounds with apparently 
no deleterious tissue reaction. Walter’- and De.skowitz’ injected 1:1000 
aqueous zephiran into the ])eriloneal cavities of guinea pigs dailj^ for 
a long period of time and found that the .solution caused no reaction, 
although more concentrated solutions did cause some fibrinous reaction. 
Wo liai'e iioured the solution freely info open wounds both in traumatic 
eases and in cleefive operations and have never noticed any tissue reac- 
tion or any retardation of healing. This is a marked contrast to the 
severe tissue damage which is caused by alcohol, iodine, and many other 
agents which arc used in skin preparation. In traumatic lacerations 
the task of preparing the area about the wound is immensely simplified 
when one can permit the solution to run into the laceration. 

If there is difficulty in preparing a hand or foot it may be useful 
to scrub the part with a Iirush wet with zephiran and soak it in a basin 
of this solution. For those who prefer to prepare tlie operative field 
some hours beforehand as ivcll as immediately before operation, the 
area may be prepared with zephiran and covered ndth a wet zephiran 
dressing some houz’s before tlie patient is brought to the operating room 
and prepared again in the usual manner immediately before draping 
the patient. For most general sui’gieal procedures there is no dis- 
advantage and possibly some advantage in using a coloiless solution, 
but where a large area must be prepared as, for example, in certain 
orthopedic operations it may be preferable to add to the zephiran solu- 
tion some dye to impart color to the skin with which it comes in contact. 


Although we have found 1 :2500 aqueous zephiran to be satisfactory 
for the preparation of skin we are now using a 1 :1000 solution since in 
vitro studies demonstrate that the 1:1000 solution kills organisms much 
more uuickly than does the 1:2500. This is illustrated bj^ the e.xperi- 
ment described in Table IV. Twenty-one hemostats were immersed m 
ln-oth culture containing cV luxuriant growth of Staph, axirmis, Sir. 

? 7 T proteus, E. coli, and Clostridixm tetani. They were 

then placed up clamps were then immersed for vaiymg 

isms to become zephiran, another six in 1 :1000 zephiran, and 

lengths of time i g^^.^terilization solution containing formalin 
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Table IV 

EFFECTm;NESs OF 1:2500 and 1:1000 Aqueous Zei’hiran in the Stekilization of 

iNSTKUilESTS 


solution 

USED 


organisms fresent after soaking contaminated instrument in 
germicidal solution for varying lengths of time 


1 min. 


O MIN. 


10 MIN. 


15 MIN. 


20 MIN. 


30 MIN. 


Zephiran 

1:2500 


Gram-rods 

Gram+rods 

Gram+cocei 

Heavy 


Gram-rods 

Gram+cocci 

Moderate 


Gram— rods 
Gram+cocci 

'Moderate 


Kare 

Gram+rod 

Gram+cocci 


Sterile 


Sterile 


Zephiran 

1:1000 


Moderate 

Gram-rods 

Bare 

Gram+cocci 


Sterile 


Sterile 


Sterile 


Sterile 


Sterile 


Instrument — 
sterilizing 
fluid 


Sterile 


Sterile 


Sterile 


Sterile 


Sterile 


Sterile 


Control A: 


Gram+cocci 
Gram-rods 
Gram+rods (rare) 
Heavv 


Control B: Gram+cocci 
Gram-rods 
Gram+rods 
Heavy 


Control C: Gram+cocei 
Gram-rods 
Gram-:-rods 
Heavv 


Control A: Instrument contaminated, allowed to dry and placed in culture medium. 
Control for viability of organisms. 

Control B: Instrument contaminated, dried, placed in 1:1000 zephiran, washed, 
recontaminated, and cultured. Control for possible inhibition by traces 
of zephiran on instrument. 

Control C: Instrument contaminated, dried, placed in instrument-sterilizing fluid, 
washed, recontaminated, and cultured. Control for possible inhibition 
by traces of instrument-sterilizing fluid on instruhient. 


which liad been prepared in this hospital by Jlajor W. B, Tandegrift 
for the cold sterilization of instruments. Following immersion in the 
various solutions each clamp tvas momentarily rinsed witli sterile saline 
solution in order to remove trace.s of the germicidal agent and was 
then placed in a test tube containing Brewer’s thioglycollate medium and 
incubated at 37° C. for twenty-four horn’s. The clamps tvere left in 
the medium for fourteen hours. One clamp was not immei’sed in any 
antiseptic solution but was placed in Brewer’s thioglycollate medium as a 
control for the viability of the organisms. All of the organisms multi- 
plied in large numbers (Control A). A second clamp was used as a 
control for the instrument-sterilizing solution, the clamp being recon- 
taminated with organisms after it had been placed in the solution and 
had been rinsed with salt solution in the usual manner. All of the 
organisms grew readily, demonstrating that with the tcclmique em- 
jiloyed any traces of the germicidal agent present were insuiificicnt to 
inhibit growth (Control C). A similar test with 1:1000 zephiran also 
showed that there was not enough zephiran present to inhibit growth of 
organisms (Control B). There was no growth from any of the con- 
taminated clamps which had been placed in the instrument-sterilizing 
solution even after only one minute in tlie solution. There ivas a 
moderate growth of gram-negative rods and a rare gram-positive eoeeus 
from the contaminated clamp which had been in contact with 1 :1000 
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iceplnran for one minute, but there wis no growth whatsoover from the 
clamps Avlnch Imtl been hi the Siohithn for five minutes or more. There 
ma.s some slight growth of or-mnisins from tlie damp u-Jiich iiad been in 
contact wifli 1 :2:)fl0 zci)J)ii-an for fifteen minutes. It is not felt that 
this e.xperiment forms a sufiieicnt basis to permit any positive conelu- 
•sion in re-mrd to tlie utility of aqueous zepliiran for the cold steriliza- 
tion of instruments hut it sufr'^csts that solutions as dilute as 1:1000 
may be J airly satisfactory for this jnirjiose. Of course if aqueous 
zcpbiran or any other aqueous solution is ased for the cold sterilization 
ot instruments it is nece.ssary to add .some substance to prevent rusting'. 
It is our feeling Unit formalin solutions of tlie type marketed by Bard- 
I’arker Comjiany, Ine.. are so emhictiUy satisfactory for cold steriliza- 
tion of instruments that solutions of this sort should preferably be used 
for this inirpose. 

Ot/icr Uses of ^cp/d'raa.— Dilute aqueous zepliiran (1:1000 or 
1 :2o00) has a luuiiber of other uses. It is ideal for washing instru- 
ments and the hands of the operating team during the course of an 
ojieration. Whereas 76 jier cent of basins of sterile water so used 
were found to be contaminated at the close of the operation, Poppe® 
found tliat basins of 1:5000 aqueous zepliiran were always sterile. 
.Similarly, aiiueous zepliiran is useful for wash basins necessary in 
mainteiuinco of isolation technique for cases of infectious disease. It 
is perfectly satisfactory for cleansing skin before venipunctures and 
various parenteral injections. Where instruments on dressing car- 
riages are kept in some irritating sterilizing fluid, it is useful to keep 
alongside a jar of aqueous zepliiran in which the instnunents can 
be rinsed before being used. It is useful in compresses and soaks for 
various pyogenic skin lesions, and for epidermophytosis, partieiilarl.v 
when it is associated with secondary infection. It is occasionally useful 
as a compress in clearing up infections of granulating areas. It works 
well as an irrigating solution for empyema and other abscess cavities. 

As a 1 :20,000 solution it is satisfactory for urethral instillations. More 
concentrated solutions cause irritation. The possibilities of its use as 
instillations in the conjunctival sac for conjunctivitis and in preparation 
for ophthalmologic operations are under investigation in association 
with Capt. F. M. Reese. Instillations and tampons of 1 :2500 zepliiran 
liave proved useful in treating various pyogenic and fungus infections 
of tlie e.vternal auditory canal. Zepliiran in concentration of 1 :50,000 
has been found ideal for the preservation of biologic fluids such as bac- 
teriophage and vaccines.' _ 

The Use of Zephiran in Tmc of lF«r._In time of war certain con- 


siderations assume a 


sionificanee wliieh is not existaiit in time of peace, 


..1 „^„cP 7 -vation of materials which arc vital in the making 
such as the '-imTV sunnlies. Such a .substance is alcoliol, of 

of munitions an ™ ‘ ^ ordinarily employed in the practice of 

which enormous quantities aie oi 
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medicine. It is used alone or in combination with other gennicidal 
agents by the vast majority of pliy.sicians for tlie preparation of the 
patient's skin before operation, as a soak for hands after scrubbing, in 
preparing skin laefore venipuncture and various parenteral injections, 
for cleaning the skin when dressings are changed, and for manj' other 
purposes. For none of the purposes mentioned is it really necessary, 
ind it is felt that by more extensive use of substances such as zephiran 
great quantities of alcohol can be conserved for purposes which are 
mmediately more vital than these medical uses. Aqueous zephiran 
is a better germicidal agent and is more stable. It must be remembered 
that, although 70 per cent ethyl alcohol by weight is a good germicide, 
it is difficult to maintain this exact concentration, and that even slight 
dianges iir concentration render the solution totally ineffective against 
srganisms.^" 

In regard to the medical services of the armed forces, certain other 
considerations ai'ise. Scattered as the various medical installations are 
over the sui-face of the globe, ti-ansportation of medical supplies assumes 
gigantic proportions. If a sulistance can be transported in small volume 
which will do equally well the work that far greater volumes of some 
other agent will accomplish, there are obvious advantages in utilizing the 
former. If 1 :2500 zephiran is employed, 250 gallons are available for 
vise from each gallon of the concentrate transported to the medical unit. 
If 1 :1000 zephiran is used 100 gallons are available for use from each 
gallon transported. Furthermore, it is entirely possible that should 
the armed forces desire to employ this agent in any considerable quan- 
tity, the manufacturers could supply the solid zephiran rather than the 
1 :10 concentrate, whicli would multiply again by ten the amount of 
solution available for use from each unit of material transported. An- 
other feature which is desirable in the various medical installations is 
a simplification of the pharmaceutical armamentarium. Zephiran can 
1)0 utilized so effectively in place of alcohol and the numbers of other 
germicidal agents Avhich are ordinarily snp]vlied, that it would seem 
worth white to substitute it for others. These considerations are par- 
ticularly applicable in the forward medical installations such as the 
portable hosi)itals and the clearing companies of the medical battalions. 
It is our feeling that such units could ]rerfoim a good service udthout 
any real handicaj) if they were supplied with adequate amounts of 
zephiran alone and no other bactericidal agents except for what alco- 
hol is needed for the preparation of certain tinctures which may be 
advisable and except for a small amount of some formalin instrinnent- 
•sterilization solution. A further consideration is that of expense, which 
remains important even at a time when Federal expenditures arc neces- 
sarily gigantic. In the base from which this paper is written, zephiran, 
which is made in the United States and transjjortcd thousands of 
miles as a 1:10 concentrate, can be purcha.sed at such a price that 
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1:3000 aqncoiis zciihiraii eosfs ohJv appi-oximately 13 cents per o-al- 
011 , 3 ;_500 zepJiiran onl}^ about 5 cents per gallon. In contrast, the 
inp-echents wlndi are nsocl in Die preparation of liquid green soap 
bring the cost of this substance to about 25 cents a gallon, and the cost 
of alcoJioI is approximately 32 cents a gallon. Needless to say, many 
0 Dio gcianieidal agents employed arc a great deal more expensive. 
Another consideration which is of .special importance is that of the 
pieparation of the hands of the members of operating teams which can 
be carried out adequately with aqueous zephiran in any forward med- 
ical installation. 


.SUiAIJlARy AXD coN'cnusroKS 


Aophiran is a cheap and reliable germicidal agent. In dilute solu- 
tion it has been found to serve veiy satisfactorily for multiple purposes 
in ho.spital and medical practice and its .sphere of usefulness appears to 
be steadily increasing. It .serves ideally as an agent for preparing the 
skin of patients before operation. It has many advantages over some 
of the more eoiiinionly employed germicidal agents: cheapness and pro- 
curability, well proA’cd high and nonspecific germicidal activitj', fail- 
ure to cause burns, dermatitis, or other irritation of skin and mucus 
membranes, ease of ap])Iicalion. Studies indicate that a brief scrub- 
bing of the hands and foreanns in 1:3000 aqueous zephiran followed 
by a three-minute soak in this solution achicyes, with ease, as thorough 
cleansing as prolonged scrnhhhig, in situations where facilities for 
proper scrubbing according to tlie generally nsed soap-and-water tech- 
nique are not available. Since zephiran is used in dilute solution, large 
amounts ai‘c available for use from a relatively small amount of the 
concentrate or solid transported to any given point. Its use results in a 
conservation of alcohol which is essential for ^dtal war products. Be- 
' cause of these considerations it is felt tbat a widespread use of this 
reliable agent is particularly desirable in time of war. 


The authors wish to express their appreciation to Major Paul Kunkel wto sug- 
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iicld. 111., 304.1, Ghni'ln.s C Tliomns, 

Tliis is a collection of Beaumont lectures. Considering its small size, it is a 
renmrkably thorough discussion of renal lithiasis, and particularly of those factors 
which lead to the production of stones comj)Osed of phosphates and carbonates, 
although there is some discussion of other types. It seems to the reviewer that 
there is a little too much emphasis upon the role of deficiency of vitamin A in the 
diet, upon the reaction of the urine, and upon infection, since there are many case.s 
in which these factors cannot bo shown to have operated. The mechanism of forma- 
tion of oxalate stones is not explained (I am not sure that anyone can explain it 
yet), and it is unfortunate that a book on lithiasis for the medical profession in 
general makes no mention of the importance of bone injury with prolonged recum- 
bency as a factor in lithiasis, since this is one situation in which the formation 
of stones can probably bo prevented by the alert ph 3 -sician. 

It is questionable whether anyone besides the author has succeeded, or will succeed, 
in dissolving anv' considerable number of renal calculi bj' dietaiy regulation alone. 

However, the book is of great value to all who are interested in urinary lithiasis, 
ajid should be read trith c.are. It contains a map delineating stone areas, dis- 
cussions of operative technique, and detailed tables of various diets intended for 
the dissolution or prevention of calculi of different tvpes. There is a valuable 
bibliography. 

Tho author also describes chemical methods for the recognition of the various 
constituents in stones. These arc said to be far more accurate than those in 
general use. 
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(Jlaun ct al.), 220 

Button, Murphy, in esophagogastrostomv 
(Miscall and Clark), S3 


Caisson disease, leg ulcers as complica- 
tion of (Glasser), .302 

Cancer of colon (Ochsner), 133 (E) 
(Zinningcr and Iloxworth), 300 
of gastrointestinal tract, metabolic 
studios in patients with (I'l), 
(Rekers ot al.), 197 
of rectum, one-stage perineo-abdoin- 
inal operation for (Singleton), 
091 

Carcinoma in body and tail of pancreas 
with multiple venous thrombi, 
association of (Kenney), 000 
of colon (Allen), 350 
and rectum (Cattell), 378 
of papilla of Vater, surgical treatment 
of (Gray and Sharpe), Sol 
of parathyroid gland (Meyer and 
Kagins), 282 

of rectal ampulla, abdomino-anal meth- 
ods for restoration of continuity 
accompanying excision of; Pri- 
marj- resection (closed anasto- 
mosis) of colon and rectosig- 
moid (Wangensteen), 403 

Cardiac tamponade, nonoperative treat- 
ment of, resulting from wounds 
of heart (Blalock and Havitch), 
157 

Cardiolog 3 -, short history of, 156 (B. 
Eev.) 

Casein digest administered intr.avenously 
and protein ingested by mouth, 
clinical study of relative effi- 
ciency for nitrogen metabolism 
of (Brunschnig and Corbin), 

89S , ■ , 


Chloride, 


^ammonium, intravenous, use of, 
Teatment of alkalosis (Zmtel 


et al.), 728 


Chronic constrictive pericarditis (Strode 
and Doolittle), 847 
osteomyelitis, sulfatliiazole in (Tou- 
mey), 531 

Chyle, intravenous, traumatic chylothora.\' 
treated with (Schnug and R.an- 
sohofT), 278 

Chylothorax, traumatic, treated with in- 
travenous chyle (Schnug and 
RansohofF), 278 

Circulation, renal, after compression of 
renal artery according to method 
of Goldbiatt (Corrigan and 
Pines), 88 

Clinical experience with thrombin as 
hemostatic agent (Tidrick et 
al.), 191 

Closure of perforated ulcers of stomach 
and duodenum, study of healing 
of abdominal operative wounds 
following (Meade, Jr.), 520 
Clotting, blood, effect of sulfur com- 
pounds on (de Takats), 661 
intrarenous, and its sequelae (Ochsner 
and DeB.aiey), 679 
Colon and rectosigmoid, primary resec- 
tion (closed anastomosis) of 
(Wangensteen), 403 
and rectum carcinoma of (Cattell), 378 
management of polyps occurring in 
(David), 387 

cancer of (Ochsner), 433 (E) ; (Zin- 
ninger and Hoxworth), 366 
carcinoma of (Allen), 350 
malignancy of, S3'mposium on surgical 
management of, 321-435 
right, terminal ileum, and cecum, sur- 
gsry of (Whipple), 321 
various segments of, consideration of 
elective surgical procedures in 
(Jones), 342 

Congenital atresia of esophagus (Poth), 
882 

Constrictive percicarditis, chronic (Strode 
and Doolittle), S47 

Continuity, re-establishmcnt of, anterior 
resection of rectosigmoid and 
upper rectum with (Fallis), 397 
Cooper’s ligament herniotomy and use 
of free fascial grafts, surgical 
treatment of recurrent ingiiijml 
hernia with special reference to 
(Swenson and Harkins), 807 
Cortical, solitary eccentric abscess in bone 
(Brown and Ghorraley), 541 
Crile, Kelly, Lane (Matas), 1 
Curare, use of, for improvement of ab- 
dominal muscle relaxation dur- 
ing inhalation anesthesia (Cul- 
len), 261 

in treatment of tetanus (Cidlen and 
Quinn), 256 

D 

Decapsulation, kidney, and sulfnfhinzole 
toxic nephrosis (Watfonberg.and 
Coleman, Jr.), 570 
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Decapsulation — Cont 'd 
unilateral, of kidney for transfusion 
oliguria (Flo and Cummings), 
216 

Defects, large skull, impression teclmique 
for reconstruction of (Gurdjian 
et al.), 876 

Descent of testis; Anatomical and hor- 
monal considerations (IVells), 
436 

Diagnostic aid, abdominal puncture as 
(Henry and Vale), 574 

Digest, casein, administered intravenous- 
ly and protein ingested by 
mouth, clinical study of relative 
efSciency for nitrogen metabo- 
lism of (Erunschwig and Cor- 
bin), 898 

Disability evaluation principles of treat- 
ment of compensable injuries, 
155 (B. Sev.) 

Disease, caisson, leg ulcers as complica- 
tion of (Glasser), 302 
destructive augioeystie, of pancreas 
(Babcock et al.), 588 

Diseases of nose, throat and ear ; medical 
and surgical, 803 (B. Sev.) 

Dislocation, fractures, and sprains, man- 
agement of, 320 (B. Bev.) 

Diverticulitis, acute, of jejunum (Rud- 
der), 921 

Duodenal and perforated gastric ulcers, 
acute (Paletta and Hill), 32 
contents, influence of, on intragastric 
acidity (Kesavalu and JIann), 
578 

Duodenum and stomach, actinomycosis of 
(Shearburn), 38 

closure of perforated ulcers of, study 
of healing of abdominal opera- 
tive n'ounds following (Meade, 
Jr.), 526 

traumatic rupture of (Sarnoff and 
Oremland), 272 

E 

Dar, nose and throat, diseases of ; med- 
ical and surgical, 803 (B. Bcr.) 

Early postoperative walking (II), (New- 
burgor), 142 

Eccentric, solitary (cortical) abscess in 
bone (Brown and Ghormlcy), 
541 

Embolism, peripheral arterial, recent ad- 
vances in treatment of (McClure 
and Harkins), 747 

Empyema by continuous tidal irrigation, 
treatment of acute (Potli and 
Mathes), 617 

Eosinophilic granuloma, solitary (Kem- 
wein and Queen), 105 

Esophagogastrostomy, Murphy button in 
(Miscall aiid Clark), S3 

Esophagu.e, cervical, perforation of, with 
mcdinstiniti.s (Grace and Irwin), 
031 

congenital atresia of (Poth), SS2 


F 

Fascia lata regeneration (Foshee), 554 
Fascial grafts, free, use of, and Cooper’s 
ligament herniotomy, surgical 
treatment of recurrent inguinal 
hernia with special reference to 
(Swenson and Harkins), 807 
Femoral vessels, common, arteriovenous 
fistula of, with extreme dilata- 
tion of external iliac vein (Wat- 
son and MDler), 296 

Fistula, arteriovenous, of common fe- 
moral vessels with extreme dila- 
tation of external iliac vein 
(Watson and Miller), 296 
Foreign body, unusual intra-abdominal 
(Wikle), 122 

Fracture, dislocation, and sprains, man- 
agement of, 320 (B. Bev.) 

Free fascial grafts, use of, and Cooper’s 
ligament herniotomy, surgical 
treatment of recurrent inguinal 
hernia with special reference to 
(Swenson and Harkins), 807 
Frei antigen and sulfonamide, in rectal 
stricture due to lymphogranu- 
loma (Seidenstein), 73 

G 

Gastric and duodenal ulcers, acute perfo- 
rated (Paletta and Hill), 32 
Gastrointestinal tract, cancer of, meta- 
bolic studies in patients with 
(VI), (Rekers), 107 
lipomas of (Schottenfeld), 47 
Genitourinary surgeons, meeting of Amer- 
ican Association of (Creew), 
798 

Gland, parathyroid, carcinoma of (Mej’er 
and Ragins), 282 

salivary, origin of, tumors of (Rob- 
bins), 924 

thyroid, abscess of, causing tracheal ob- 
struction, treatment of (Prio- 
leau), 871 

Goldblatt, method of, renal circulation 
after compression of renal ar- 
tery according to (Corrigan and 
Pines), SS 

Gonadotropins; descent of testis (Wells), 
450 

Grafts, free fascial, u.se of, and Cooper’s 
ligament herniotomy, surgical 
treatment of recurrent inguinal 
hernia with special reference to 
(Swen.son and Harkins), 807 
Granuloma, solitarj- eosinophilic (Kem- 
wein and Queen), 105 
Gvnecology including female urology, 802 
(B. Bcv.) 

11 

Hand, middle palmar .‘•eiUum of, surgical 
significance of (Fh-nn), 134 
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irealiiifT, wound rcItitioiiHliip of acute 
aiicmiu to (Besser and Eliron- 
Imft), 239 

Ifeiirt, wounds of, nonoj)orative treat- 
Jiiont of cardiac tainponade re- 
.sultinf: from (Blalock and Ba- 
vitch), 157 

IIcmorrlia[;c, delayed, traumatic rupture 
of spleen with (Waueli and 
Brior), 125 

nemostafic ap:ont, thrombin as, clinical 
experience with (Tidrick et ah), 
191 

Heparin, effect of, on ex]icrimentally pro- 
duced venous thrombosis (Ra- 
binovitch and Pines), OGO 
Ifcrnia, recurrent, inguinal, surpticjil treat- 
ment of, with special reference 
to Cooper's ligament herniotomy 
and use of free fa.scial grafts 
(Swenson and Harkins), SO? 
Hernial sac ligation, new simple and 
rapid methods for (Lich, Jr., 
and Samson), ,100 

Hernioplasty, inguinal, recurrences fol- 
lowing (Stein and Casten), S19 
Herniotomy, Cooper’s ligament, and use 
of free fascial grafts, surgical 
treatment of recurrent inguinal 
hernia with special reference to 
(Swenson and Harkins), S07 
Hormonal and anatomical considerations: 

descent of testis (Wells), 436 
Hospital, station, surgical service of, in 
Middle East (Walton), 045 
Hypertension, sympathetic system in, pre- 
liminarj’ observations concern- 
ing paravertebral injection of 
(Schwartz and Findley), 267 


Injection, paravertebral, of .sympathetic 
.sy.stcin in hypertension, prelimi- 
nary observations concerning 
(Schwartz and Findley), 267 

Inte.stine, small, and ileum, lipomas of 
(Schottcnfeld), 47 

Intra-abdominal foreign bodj-, unusual 
(Wikle), 122 

Intragastric acidity, influence of duo- 
denal contents on (Hesavalu 
and Jfann), 57S 

Intravenous ammonium chloride, use of, 
in treatment of alkalosis (Zintel 
et al.), 728 

chyle, traumatic ehylothorax treated 
with (Schnug and Eansohoff), 
27S 

clotting and its sequelae (Ochsner and 
DeBakey), 679 

Intussusception in infanej’ and childhood 
(Gibbs and Sutton), 70S 
Irritation, continuous tidal, treatment of 
acute empyema by (Potli and 
IMathcs), 617 


Jejunum, acute diverticulitis of (Rud- 
der), 921 

Joint and bone injuries in wartime, re- 
view of some; traumatic surgery 
(Ord et al.), 651 


Ileum and small intestine, lipomas of 
(Schottenfeld), 47 

terminal, cecum, and right colon, sur 
gery of (Whipple), 321 
Iliac vein, external, arteriovenous fistula 
of common femoral vessels with 
extreme dilatation of (Watson 
and Miller), 296 

Impression technique for reconstruction 
of large skull defects (Gurdjian 
et al.), 876 

Infections, actinomycotic, sulfonamide 
therapy in (Lyons et al.), 99 
Inflammation, physical factors concerned 
in (HI), (Beilis), 111 
Inminal hernia, recurrent, surgical treat- 
^ ment of, with special reference 
to Cooper’s ligament herniotomy 

Hsa -TS5, “7 

cle relaxation during (CullenJ, 
261 


E, vitamin, sjTithetic, and thrombosis of 
veins following injury (Morton 
■ et al.), 915 

Kelly, Lane, Crile (Matas), 1 
Kenny versus orthodox treatment of an- 
terior poliomyelitis (Key), 20 
Kidney decapsulation and sulfathiazole 
toxic nephrosis (Wattenberg and 
Coleman, Jr.), 570 

unilateral decapsulation of, for trans- 
fusion oliguria (Flo and Cum- 
mings), 216 

Kidneys and liver, role of (IV) ; Experi- 
mental studies on alimentary 
azotemia (Harkins et al.), 891 


Lane, Crile, Kelly (Matas), 1 
Leg ulcers as complication of caisson 
disease (Glasser), 302 
Ligation, hernial sac, new simple and 
rapid method for (Lich, Jr., 
and Samson), _ 306 

of superior mesenteric vein (Schnug), 
610 

Lipomas of gastrointestinal tract (Sohot- 
tcnfeld), 47 

Liver and kidneys, role of (IV) ; Experi- 
mental studies on alimentary 
azotemia (Harkins et al.), 891 
Local treatment of bums, tissue reac- 
tions to medicaments used in 
(Maun et al.), 229 
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Lymph node metastases, 644 (B. Sev.) 

Lymphogranuloma venereum, rectal stric- 
ture due to (Seidenstein), 73 

Lymphosarcoma, primary (reticulum-cell 
type) ; Malignant neoplasms of 
spleen (Hausmann and Gaarde), 
246 

M 

Malignant neoplasms of spleen (Haus- 
niann and Gaarde), 246 

Mastitis obliterans (Payne et al.), 719 

Metastases, lymph node, 644 {B. Bev.) 

Mediastinitis, perforation of cervical 
esophagus vith (Grace and 
Irwin), 631 

Medicaments used in local treatment of 
burns, tissue reactions to (Maun 
et al.), 229 

Meetings, recent, review of, 473, 79S 

Mesenteric vein, ligation of superior 
(Schnug), 610 

Metabolic studies in patients with cancer 
of gastrointestinal tract (VI), 
(Eckers et al.), 197 

Metabolism, nitrogen, of casein digest ad- 
ministered intravenously and 
protein ingested by mouth, clin- 
ical study of relative e£6eiency 
for (Brunschwig and Corbin), 
898 

Middle palmar septum of hand, surgical 
significance of (Flynn), 134 

Murpliy button in csophagogastrostomy 
(Miscall and Clark), S3 

Muscle rela.\ation, abdominal, during in- 
halation anesthesia, use of curare 
for improvement of (Cullen), 
261 


N 

Neoplasms, malignant, of spleen (Haus- 
mann and Gaarde), 240 

Nephrosis, sulfatliiazole toxic, and kidney 
decapsulation (Wattenberg and 
Coleman, Jr.), 370 

Nervous .system, diseases of, roentgen 
treatment of, 155 (E. Bev.) 

Nitrogen metabolism of casein digest ad- 
ministered intravenously and 
protein ingested by month, clin- 
ical study of relative efficiency 
for {Rnmscliwig and Corbin), 
898 

Nonoperative treatment of cardiac tam- 
ponade resulting from wound.s 
of heart (Blalock and Ravitch), 
107 

Noiipoiietrating a b d o tii i n a 1 trauma 
(Kelly), IG;! 

No-e, throat and ear, di.'-eascs of ; modi- 
cid and surgical, SG.'i (B- Err.) 

O 

Obliterans, mastitis (Payne et al.), 719 


Obstruction, tracheal, treatment of 
abscess of thyroid gland cau.sing 
(Prioleau), 871 

Oliguria, transfusion, unilateral decap- 
sulation of kidney for (Flo and 
Cummings), 216 

One-stage perineo-abdomihal operation 
for cancer, of rectum (Single- 
ton), 691 

Operation, one-stage perineo-abdominal, 
for cancer of rectum (Single- 
ton), 691 

Orthodox versus Kenny treatment of an- 
terior poliomyelitis (Key), 20 

Orthopedic subjects, 4So (B. Bev.) 

Osteomyelitis, chronic sulfatliiazole in 
(Tourney), 531 


P 


Palmar septum, middle, of hand, surgical 
significance of (Flynn), 134 
Pancreas, body and tail of, association 
of carcinoma in, with multiple 
venous thrombi (Kenney), 600 
destructive angiocystic disease of (Bab- 
cock et al.), 588 

Papilla of A’^ater, carcinoma of, surgical 
treatment of (Gray and 
Sharpe), 831 

Parathyroid gland, carcinoma of (Moyer 
and Bagins), 282 

Paravertebral injection of sympathetic 
system in hypertension, pre- 
liminary observations concern- 
ing (Schwartz and Findley), 267 
Perforated gastric and duodenal ulcers, 
acute (Paletta and Hill), 32 
Perforation of conical esophagus with 
mediastinitis (Grace and Irwin), 
631 


Pericarditi.i, chronic constrictive (Strode 
and Doolittle), 847 

Perineo-abdominal operation, one-stage, 
for cancer of rectum (Single- 
ton), 691 

Peripheral arterial embolism, recent ad- 
vances in treatment of (JIc 
Clurc and Harkins), 747 
Physical factors concerned in inflamma- 
tion (HI), (Beilis), 111 
Pliysiology in aviation, 320 (B. Bev.) 
Poliomyelitis, anterior, Kenny versus or- 
thodox treatment of*(Kcv), 20 
Polyps oc<'urring in rectum and’ colon, 
management of (David), 387 
Postoperative atelectasis, recurrent 
(Thompson), SGO 

walking, early (H), (Newburger), K" 
Prc-'sure.s, vcnou.s, in patients with vari- 
cose vcin.s (iMa verson et a!.). 
519 ” 

Prostatectomy, transurethral, SOI (E 
Brv.) ' 

Protein ingcMed I.y mouth and casein 
digest administered intnwenoii- 
ly, clinical study of relative etli- 
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Protein — ('.'otil '(I 

ciency for iiitrofjcii metaholisni 
(Prmiscinvip and Corbin), 

solutions, sprnni, flicraji.v of sliorl: in 
fxiiprinicnfal animals with (TI), 
(i^riiirlientl pt ah). 171 
PiineturP, abdominal, as diap;nnstii: aid 1 
(ITpiiry and Vale), 57-I 


I{oonl/;pn Irpufment of diseases of nerv- 
ous system, 1D5 (JS. T>ev.) 
Rupture, traumatic, of duodenum (Sar- 
notr and Oremland), 272 
of spleen, ivifli delayed Iiemorrliage 
(Waugh and Prior), 125 


Reactions, tissue, to nicdicanionts used in 
local treatment of burns (Jfann 
ct ah), 229 

Reconstruction of largo skull defects, im- 
pression technique for (Gurd- 
jian et ah), 870 

Rectal stricture due to lymphogranuloma 
venereum (Scidcnstcin), 73 
Rectosigmoid and colon, primary resec- 
tion (closed anastomosis) of 
(Wangensteen), 403 
and upper rectum, anterior resection 
of, with re-establishment of con- 
tinuity (Fallis), 397 
Rectum and colon, carcinoma of (Cat- 
tell), 378 

management of polvps occurring in : 
(David), 387 

cancer of, one-stage porinoo-ab- 
dwninal operation for (Single- 
ton), 091 

upper, and rectosigmoid, anterior resec- 
tion of, with re-establishment of 
continuity (Fallis), 397 
Recurrences following in^inal liemio- 
plasty (Stein and Caston), 819 
Recurrent postoperative atelectasis 
(Thompson), SCO 

Regeneration, fascia lata (Foshee), 534 
Reid, Mont Rogers; In memoriam (Zin- 
ninger), G42 

Renal artery, renal circulation after com- 
pression of, according to method 
of Goldblatt (Corrigan and 
Pines), S8 

circulation after compression of renal 
artery according to method of 
Goldblatt (Corrigan and Pines), 

S8 

lithiasis, 946 (B. Itev.) 

Eesection, anterior, of rectosigmoid and 
upper rectum ■vN’ith re-establisn* 
ment of continuity (Fallis), 397 
blood supply of large bowel noth ref- { 
erence to (Singleton), 328 
combined abdominoperineal, urinary 

retention following (Coller and j 

• ®7Sanastomosis) of colon 
rectosigmoid (Wangen- 
steen), fniiowing combined „ 
Eetention,^urM^^.^^ tion(Col- 

lei and ptnian)’ 22o ^ S- 

Eib fractures, S^i^yed hemorrhage 

g'zjssSi - » 

prior), 125 


Saline concentrated and dilute serum so- 
lutions and, fate in body of 
(II) : Therapy of shock in ex- 
m perimcntal animals with serum 

lu protein solutions (Jlnirliead et 

ah), 171 

y Salivary gland, origin of, tumors of 
*' (Robbins), 924 

Septum, middle palmar, of hand, sur- 

gical significance of (Flvnn), 

■ 554 

j Sequelae, intravenous clotting and its 
(Ochsner and DeBakey), 679 
I Serum albumin, bovine, in experimental 
shock, effect of infusions of 
(Dunphy and Gibson, II), 509 
concentrated and dilute and saline so- 
lutions, fate in body of (IT) : 
Therapy of shock in experimen- 
tal animals with serum protein 
solutions (Muirhead et ah), 171 
protein solutions, therapy of shook in 
experimental animals with (II), 
(Jluirhead et ah), 171 
Shock, experimental, bovine serum albu- 
min in, effect of infusions of 
(Dunphy and Gibson, II), 509 
problem, consideration of present 
status of (Blalock), 4S7 
therapy of, in experimental animals 
with serum protein solutions 
(II), (Muirhead et ah), 171 
Sigmoidoscope, new practical (Wakeley), 
395 

Skin tumors, malignant, role of surgery 
in treatment of (Slaughter), 732 
Skull defects, large, impression technique 
for reconstruction of (Gurdjian 
et ah), STO 

Solitary eccentric (cortical) abscess in 
bone (Brown and Ghorraley), 

541 

eosinophilic granuloma (Kernwoin and 
Queen), 105 

Solutions, serum protein, tlicrapy of 
shock in experimental animals 
with (H), (Muirhead), 171 
Spleen, malignant neoplasms of (Ilaus- 
mann and Gaardc), 240 
traumatic rupture of, with flayed 
hemorrhage (Waugh and Prior), 

125 

Sprains fractures, and dislorations, man- 
agement of, 320 (B. Iica.) 

Station liospital, surgical service of, i" 
Middle East (Malton), O-lo 
.Stomach and duodenum, actinomycosis of 
(Slioarburn), 38 
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Stomach and duodenum — Cont’d j 

closure of perforated ulceis of, study 
of healing of abdominal opera- 
tive uounds following (Jleade, 
Jr.), 520 

Stricture, rectal, due to lymphogranuloma 
veueioum (Seidenstcin), 73 

Sulfatlriazole in chronic osteomyelitis 
(Tourney), 531 

toxic nephrosis and kidney decapsula- 
tion (Wattenberg and Coleman, 
Jr.), 570 

Sulfonamide and Frei antigen, in rectal 
stncture due to lymphogranu- 
loma venereum (Seidenstcin), 73 
therapy in actinomycotic infections 
(Lyons et al.), 99 

Sulfonamides in surgery (Eichards), 308 

Sulfur compounds, effect of, on blood 
clotting (de Takats), 661 

Surgery, role of, in treatment of malig- 
nant skin tumors (Slaughter), 
732 

sulfonamides in (Eichards), 308 
terminal ileum, cecum, and right colon 
(Whipple), 321 
traumatic (Ord et al.), 651 
war, principles and practice of, 485 
(B. Hev.) 

Surgical association, American, report of 
annual meeting of (Bisgard), 
473 

procedures, eIocti\c, consideration of, 
in various segments of colon 
(Jones), 342 

service of station hospital in kliddle 
East (Walton), 045 
significance of middle palmar septum 
of hand (Flynn), 134 
treatment of carcinoma of papilla of 
Vater (Gray and Sharpe), 831 
of jccurrcnt inguinal hernia nith 
spcci.il reference to Cooper j 
ligament herniotomy and use of 
free fascial grafts (Snon-iou 
and llarkinsl, 807 

Siituic te.stmg apparatus, simplilicd 

(Dennis), 640 ' 

Sympathetic system in hypertension, pro 

liiiiinary obscnatioii" concern i 
ing paraiertobial injection _<>f ' 
(Schnart? and rindlcy'l, 267 
niposiiim on surgical inanagcnicnt of 
malignancy of colon, 321 415 i 
s,, stc'in, synipathctie, in hypertcaision. pre j 
liminary obsenations concern 
ing parincrtobral injection of 
(Sclinait/ and rimllcy), 267 

T 

liimponade, cardiac, lionojicratuc trc.it j 
nient of, rcsnliing from nnniids 
of hear! (Blalock and Ea'itihi. 
1,)7 

'I'.s hnninc, iinprps.ioii, for rcconslniclion 
oi l•vr;;o (Onrdjian 

el al.j. s7r, , 


Testis, descent of: Anatomical and hor- 
monal considerations (Wells), 
436 


Tetanus, use of curare in treatment of 
(Cullen and Quinn), 256 

Therapy, sulfonamide, in actinomycotic 
infections (Lyons et ah), 99 

Tliroat, nose and ear, diseases of; med- 
ical and surgical, 803 (B. Bev.) 

Thrombi, multiple venous, association of 
carcinoma in body and tail of 
pancreas with (Kenney), 600 

Thrombin as hemostatic agent, clinical 
experience with (Tidrick et 
ah), 191 

Thrombosis of veins and synthetic vita- 
min K following injury (Hor- 
ton et ah), 915 

venous, experimentally produced, effect 
of heparin on (Babinovitch and 
Pines), 669 

Thyroid gland, abscess of, causing 
tracheal obstruction, treatment 
of (Prioleau), 871 

Tidal irrigation, continuous, treatment of 
acute empyema by (Poth and 
Mathes), 617 

Tissue leactions to medicaments used in 
local treatment of burns (Jfaun 
et ah), 229 

Tissues, inflamed, fixation of bacteria in 
(III): Pliysic.al factors con- 
cerned in inflammation (Beilis), 
111 


Tracheal obsfiuction, treatment of 
ab'cess of thyroid ghand causing 
(Prioleau), 871 

Tract, gastrointestinal, cancer of, meta- 
bolic .studies in patients uitli 
(\’l). (Eekers), 197 
lipomas of (.Schotteiifold), 47 

Transfusion and blood groujis, S02 (B. 
Bcv.) 

oliguria, unilateral decapsulation of 
kidney for (Flo .and Cum- 
mings), 216 

Tr.aiisuretlirnl prostatectomv £04 (B 
B, c.) 

Trauma, iioapenetrating abdominal 
( Kelly ), 163 

Traiiiiialu' chylothorax, treated uith in- 
traionoiis chyle (Schnug and 
Kan soil off), 27S 

rupture of duodenum (.S.armiff and 
Oremland), 272 

of sjileen with delayed hemorrlia",^ 
(Waugh and Prior), 125 " 

surgery (Ord et al.l, 651 

Treatment, local, of burns, (jv^ue reac- 
tions to medicaments used in 
(Maun ef ah), 22S> 

iinnoperative, of cardiac lampoimdo re- 

"«”'i>ls of heart 
(Blalock and Ka\iteh). 1.57 

orlhodoN, of anterior poliomrelifis 
Kenny \ersus (Key), 20 ' ’ 
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surgical, of carcinoma of papilla of 
Vater (Gray and Sliarpe), 831 
of recurrent inguinal hernia with 
special reference to Cooper’s 
ligament herniotomy and use of 
free fascial grafts (Swenson 
and Ilarkins), S07 

Tumors of sa!irar3' gland origin (Rob- 
' bins), 924 

skin, mali^ant, role of surgery in 
treatment of (Slaughter), 732 

' U 

Ulcers, acute perforated gastric and duo- 
denal (Paletta and Hill), 32 
leg, as complication of caisson disease 
(Glasser), 302 

perforated, of stomach and duodenum, 
stud}’ of healing of abdominal 
operative wounds following clos- 
ure of (Meade, Jr.), 52G 

Unilateral decapsulation of kidnej" for 
transfusion oliguria (Flo and 
Cummings), 21G 

Urinary retention following combined 
abdominoperineal resection (Col- 
Icr and Eastman), 223 

Urologj’, female, gj’neeology including, 
S02 (B. Rev.) 

V 

Varicose veins (Pearce), 901 

venous pressures in patients with 
(Ma.rerson et ah), 519 

Vater, papilla of, surgical treatment of 
carcinoma of (Gray and 
Sharpe), 831 

Vein, external iliac, arteriovenous fistula 
of common femoral vessels with 
extreme dilatation of (Watson 
and Miller), 296 

superior mesenteric, ligation of 
(Schnug), 610 


Veins, thrombosis of, and sj-ntlietic vita- 
min K following injury (Mor- 
ton et ah), 915 
varicose (Pearce), 901 
venous pressures in patients with 
(Mayerson et ah), 519 
A’'encroum, lymphogranuloma, rectal stric- 
ture due to (Seidenstein), 73 
Venous pressures in patients with vari- 
cose veins (Maverson et ah), 
519 

thrombi, multiple, association of car-, 
cinoma in bod)' and tail of pan-- 
creas with (Kenney), GOO 
thrombosis, experimentally produced, 
effect of heparin on (Eabino- 
vitch and Pines), 669 
A’itamin K, synthetic, and thrombosis of 
veins following injury (Morton 
et ah), 915 

W 

AFalking, early postoperative (H), (Kew- 
I burger), 142 

War, studies on use of zephiran in time 
' of (Shamacker, Jr., and Bethea, 

Jr.), 931 

surgery, principles and practice of, 485 
(B. Rev.) 

Wartime, review of some bone and joint 
injuries in; traumatic surgery 
(Ord et ah), 65l 

Wound healing, relationship of acute 
anemia to (Besser and Ehren- 
haft), 239 ^ ^ 

Wounds, abdominal operative, study of 
healing of, following closure of 
perforated ulcers of stomach 
and duodenum (Meade, Jr.), 526 

Z 

Zephiran, some studies with; its use in 
time of war (Shuraacker, Jr. 
and Bethea, Jr.), 931 




